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PEEFACE 


I HAVE entitled tliis volume Danviniana"' 
because the pieces republished in it either treat of 
the ancient doctrine of Evolution, rehabilitated and 
placed upon a sound scientific foundation, since 
and in consequence of, the publication of the 
Origin of Species; ” or they attempt to meet the 
more weighty of the unsparing criticisms with 
• which that great work was visited for scveral years 
after its appearance; or they record the impression 
left by the personality of Mr. Darwin on one who 
had the juivilcge and the happiness of enjoying his 
friends]lip for some thirty years; or they endeavour 
to sum up his work and indicate its enduring 
influence on the course of scientific thought. 

Tliose who take the trouble to read the first 
two essays, published in 1859 and 18G0, will, I 
think, do me the justice to admit that my zeal to 
secure fair play for Mr. Darwin, did not drive me 
into the i^osition of a mere advocate; and that, 
while doing justice to the greatness of the argu- 
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nient I did not fail to indicato its woak points. I 
have never seen any n^ason for departing from the 
position which I took np in these two essays; and 
the assertion whicli I sometimes meet with nowa¬ 
days, that I have recanted ’’ or clianged my 
opinions about Mr. Darwin s views, is (piitc unin¬ 
telligible 1o me. 

As 1 liavc said in ilie seventh essay, the fact of 
evolution is to my mind sufficiently evidenced by 
palteoniology; and I remain of tin* opinion ex- 
))ress(‘d in the second, that until selo(itivcbre(Hling 
is d(‘iinit(‘]y jnoved to give rise to varieties iidertih* 
with oia‘ another, the logical foundation of tlu^ 
llieory of laitnral selection is incomplete. Wo still 
remain very much in the dark about the (*aus(‘S of 
variation; the apparent inh(‘ritane<} of a<u|uired 
characters in sonu' cas(‘s; and th<‘ siniggh' for 
t‘xislt‘nc(^ within tlic organism, wlii<di probably 
lii‘S at the bottom of both oftln^si* ph(‘nomena. 

Kom<‘ apology is dm^ to tlu* reader for i,ht‘repro¬ 
duction of iht^ “ L(‘etun',s to Working Mini” in 
their original state. They wen* taken down in 
shorthand l)y Mr, J. Ahlons Mays, who re(|uest(‘d 
me to allow him toi>rint them, f was vmy much 
pri^ssed with work at the time ; a,ud, as 1 could not 
r(‘vise tin* n‘ports, which I imagint‘d, moreovin*, 
would luiof little or no iiitmvst to any but my 
auditors, I stipulated that a notice should lie pre¬ 
fixed to tha-t cffei't. This was dom/; but it did not, 
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prevent a considerable diffusion of the little book 
in this country and in the United States, nor its 
translation into more than one foreign language. 
Moreover Mr. Darwin often urged me to revise and 
expand the lectures into a systematic popular 
exposition of the topics of which they treat. I 
have more than once set about the task : but the 
proverb about spoiling a horn and not making a 
spoon, is particularly applicable to attempts to 
remodel a piece of work wliich may have served its 
immediate purpose Avell enough. 

So I have reprinted the lectures as they stand, 
with all their imperfections on their heads. It 
would seem that many people must have found 
tliem useful thirty years ago; and, though the 
sixties appear now to be reckoned by many of the 
rismg generation as a part of the dark ages, I am 
not without some grounds for suspecting that 
there yet remains a fair sprinkling even of 
pliilosophic thinkers” to whom it may be a 
jn’ofitable, perhaps even a novel, task to descend 
from the heights of speculation and go over the 
A B G of the great biological problem as it was 
set before a body of shrewd artisans at that remote 
epoch. 
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THE DAEWINIAN HYPOTHESIS 
[1859] 

The liypothcsis of which the present work of 
Mr. Darwin is hnt the preliminary outline, may 
be stated in liis own language as follows:— 
Species originated by means of natural selection, 
or through the preservation of the favoured races 
in the struggle for life.” To render this thesis 
intelligible, it is necessary to interpret its terms. 
In the first place, what is a species ? The question 
is a simple one, but the right answer to it is hard 
to find, even if we appeal to those who should 
know most about it. It is all those animals or 
plants which have descended from a single pair of 
pai'onts; it is the smallest distinctly definable 
group of living organisms; it is an .eternal and 
immutable entity; it is a mere abstraction of the 
human intellect having no existence in nature. 
Such are a few of the significations attached to 
VOL. II B 

35 



THM DARWINIAN inTOTIlKSTS 


I 


S 

this simple word which may be culled from 
authoritative sources; and if, leaving terms and 
theoretical subtleties aside, we turn to facts and 
endeavour to gather a mcn-ning for ourselves, by 
studying the tilings to which, in practice, thcj 
name of species is applied, it profits us little. For 
practice varies as much as theory. Lc^t two 
botanists or two zoologists examine and describe 
the productions of a country, and one will pnitty 
certainly disagree with tlie other as to the number, 
limits, and definitions of the species into which ho 
groups the very same things. In these islands, wo 
are in the habit of regarding mankind as of oikj 
species, but a fortnight's steam will land us in a 
country whore divines and savants, for once in 
agreement, vie with one another in loudness of 
assertion, if not in cogency of proof, t]»at men are 
of different species; and, more ]>ai*l.ic,u]arly, tliat 
tlie species negro is so distinct from our own that 
the Ten Commandmciiits htivo actually no r(‘f(‘n‘nce 
to him. Even in tlic calm region of entomology, 
whore, if anywhere in tliis sinful world, jiassion 
and prejudice should fail to stir the mind, ono 
learned coloopterist will fill ten attmetivo voluim*^ 
with descriptions of species of bectl(^s, niiKi-k^nths 
of which fiT<3 inun<‘<liat(‘ly docIan‘d by his brotluir 
be(d»le-niongi‘rs to be no species at aJl. 

The truth is that tlie numlier of distinguishal)l(i 
living creatures almost surpassi's imagination. Af- 
least 100,000 such kijids of insects aloiii^ liavc^xurn 
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described and may bo identified in collections, and 
the number of separable kinds of living things is 
under-estimated at half a million. Seeing that 
most of these obvious kinds have their accidental 
varieties, and that they often shade into others 
by imperceptible degrees, it may well be 
imagined that tlie task of distinguishing be¬ 
tween what is permanent and what fleeting, 
what is a species and what a mere variety, 
is sufficiently formidable. 

But is it not possible to apply a test whereby a 
true species may be known from a mere variety ? 
Is there no criterion of species ? Great authori¬ 
ties affirm that there is—^that the unions of 
members of the same species are always fertile, 
while those of distinct species are either sterile, 
or their offspring, called hybrids, are so. It is 
affirmed not only that this is an experimental 
fact, but that it is a provision for the preservation 
of the purity of species. Such a criterion as this 
would be invaluable ; but, unfortunately, not only 
is it not obvious how to apply it in the great 
majority of cases in which its aid is needed, but 
its general validity is stoutly denied. The Hon. 
and Rev. Mr. Herbert, a most trustworthy authority, 
not only asserts as the result of his own observa¬ 
tions and experiments that many hybrids are 
quite as fertile as the parent species, but ho goes 
so far as to assert that the particular plant Criomm, 
capeTise is much more fertile when crossed by a 
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distinct species than when fertilised by its proper 
pollen! On the other hand, the famous Gaertner, 
though he took the greatest pains to cross the 
Primrose and the Cowslip, succeeded only once or 
twice in several years; and yet it is a well- 
established fact that the Primrose and the Cow¬ 
slip arc only varieties of the same kind of plant. 
Again, such cases as the following are well estab¬ 
lished. The female of species A, if crossed with 
the male of species B, is fertile ; but, if the female 
of B is crossed with the male of A, slie remains 
barren. Facts of this kind destroy the value of 
the supposed criterion. 

If, weary of the endless difficulties involved in 
tlio determination of species, the investigator, 
contenting liiinsolf with the rougli practical 
distinction of separable kinds, cndcavotirs to 
sttidy them as they occur in nature—to ascertain 
tlieir relations to the conditions which surround 
them, their mutual harmonics and discordancies of 
structure, the bond of union of their present and 
their past history, he finds himself, according to 
the received notions, in a mighty maze, and with, 
at most, the dimmest adumbration of a jdan. 
If ho starts with any one clear conviction, it is 
tliat every part of a living creature is cunningly 
adapted to some special use in its life. Has not 
his Paloy told him that that se<imingly usohuss 
organ, the spleen, is beautifully adjust(‘,d as so 
much packing between the other organs? And 
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yet, at tlie outset of his studies, he finds that no 
adaptive reason whatsoever can be given for one- 
half of the peculiarities of vegetable structure. 
He also discovers rudimentary teeth, which are 
never used, in the gums of the young calf and in 
those of the foetal whale; insects which never 
bite have rudiinental jaws, and others which 
never fly have rudimental wings; naturally blind 
creatures have rudimental eyes ; and the halt 
have rudimentary limbs. So, again, no animal or 
plant puts on its perfect form at once, but all have 
to start from the same point, however various the 
course which each has to pursue. Not only men 
and horses, and cats and dogs, lobsters and 
beetles, periwinkles and mussels, but even the 
very sponges and animalcules commence their 
existence under forms which are essentially 
undistinguishable; and this is true of all the 
infinite variety of plants. Nay, more, all living 
beings march, side by side, along the high road of 
development, and separate the later the more like 
they are ; like people leaving church, who all go 
down the aisle, but having reached the door, some 
turn into the parsonage, others go down the 
village, and others part only in the next parish. 
A man in his development runs for a little while 
parallel witli, though never passing through, the 
form of the meanest worm, then travels for a 
space beside the fish, then journeys along with 
the bird and the reptile for his fellow travellers; 
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and only at last, after a brief coinpaiuonsbi}) with 
the highest of the four-footed ami four-handed 
world, rises into the dignity of pure manhood. No 
competent thinker of the ])resent day dreams of 
exjjlaining these indubitable facts by the notion 
of the existence of unknown and undiscoverable 
adaptations to purpose. And we would remind 
those who, ignorant of the facts, must bo moved 
by authority, that no one has asscirted the incom¬ 
petence of the doctrine of final causes, in ii.s 
application to physiology and anatomy, more 
strongly than our own eminent anatomist, 
Professor Owen, who, speaking of such cases, says 
(“On the Nature of Limbs,'’ pi). JIO, 40)—“I 
think it will be obvious that the principlci of iinal 
adaptations fails to satisfy all the conditions of 
the problem.” 

But, if the doctrine of iiiial causes will iiot 
help us to comprehend the anomali(*s of living 
structure, the ]:)rinci]>le of {ida[)tatioii must sandy 
lead us to understand why certain living Ixu’ngs are 
found in certain regions of the world a,nd not in 
others. The Palm, as we know, will not grow in 
our climate, m)r the Oak in <jlr(‘eulau<l. Tluj 
white boar cannot live where the tig<‘r tln*iv(‘s, 
nor mcc vend, and the more the natural hal)its of 
animal and vegetable species are examiiu‘d> the 
more do they seem, on the whohi, limited to 
particular provinces. But wh(*n we look iulo the 
facts established ])y the study of tint geograpliieal 
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distribution of animals and plants it seems 
utterly hopeless to attempt to understand the 
strange and apparently caiaicious relations which 
they exhibit. One would be inclined to supj^ose 
a priori that every country must be naturally 
peopled by those animals that are fittest to live 
and thrive in it. And yet how, on this hypothesis^ 
are we to account for the absence of cattle in the 
Pampas of South America, when those parts of 
the New World were discovered ? It is not that 
they were unfit for cattle, for millions of cattle 
now run wild there; and the like holds good of 
Australia and New Zealand. It is a curious 
circumstance, in fact, that the animals and jjlants 
of the Northern Hemisphere are not only as well 
adapted to live in the Southern Hemisphere as 
its own aiitochthones, but are, in many cases, 
absolutely better adapted, and so overrun and 
extirpate the aborigines. Clearly, therefore, the 
species which naturally inhabit a country are not 
necessarily the best adapted to its climate and 
other conditions. The inhabitants of islands are 
often distinct from any other known species of 
animal or plants (witness our recent examples 
from the work of Sir Emerson Tennent, on 
Ceylon), and yet they have almost always a sort 
of general family resemblance to the animals and 
l)lants of the nearest mainland. On the other 
hand, there is hardly a species of fish, shell, or 
crab common to the opposite sides of the nan-ow 
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A Itu’go inimljcr of porsoiis practi(‘,a]]y assume 
tlie former [josibiuii io 1>o correct. Hioy beiicve 
that tlio writer of fclio IVniateiK'h wa.s empoAV<ir(‘(1 
and coJuniisslone»l to Leacli us scientilic as well as 
other truth, that the account wo find tlieni of tlie 
crealiou of living things is simply and literally 
correct, and that anything which scorns to con¬ 
tradict it is, by the nature of the case, fals(!. All 
tlie phenomena which have been detailed ar<s on 
this view, the immediate product of a <‘r(‘ativ(‘ 
liat and, consequently, are out of the domain of 
science altogether. 

Whether this view prove ultimately to b(j tnui 
or false, it is, at any rate, not af ])res(‘iit su|) - 
ported by what is commonly regarded a,s logioaJ 
proof, even if it bo capable of discussion by 
reason ; and lienee we consider ours(*lv<‘S at liberty^ 
to ])ass it by, and to turn to those views whic.h 
profess to rest on a sciiaitiflc basis only, aiul tJutni- 
forc admit of Ijoing argiu^l to th(‘ir const‘quences. 
Ami wo do tliis with the less h<,‘sitaii<»n as it so 
luipjK'ns that those. p(‘rsons who arci pracii<*a!ly 
conversant with the facts of the (tase (jdainly a 
coiisiderablo atlvantage) have always thought iit 
to range ihemstilvc^s under tb(‘- latter category. 

The majority of th<‘so competent persons have? 
up to th<i present tinu^ mtiintaimMl two jitwiiions— 
the first, that ewery siHjcies is, within certain dt^- 
lined limits, lixi'd and incapahl<i of modification; 
th(^ S(‘cond, that t‘V<‘ry sp(‘(m‘S was originally pro- 
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duced by a distinct creative act. Tlie second 
position is obviously incapable of proof or disproof, 
the direct operations of the Creator not being 
subjects of science; and it must therefore be 
regarded as a corollary from the first, the truth 
or falsehood of which is a matter of evidence. 
Most persons imagine that the arguments in 
favour of it are overwhelming; but to some few 
minds, and these, it must be confessed, intellects 
of no small power and grasp of knowledge, they 
have not brought conviction. Among these 
minds, that of the famous naturalist Lamarck, 
who possessed a greater acquaintance with the 
lower forms of life than any man of his day, 
Cuvier not excepted, and was a good botanist to 
boot, occupies a prominent place. 

Two facts appear to have strongly affected the 
course of thought of this remarkable man—the 
one, that finer or stronger links of affinity connect 
all living beings with one another, and that thus 
the highest creature grades by multitudinous 
steps into the lowest; the other, that an organ 
may bo developed in particular directions by 
exerting itself in particular ways, and that modi¬ 
fications once induced may be transmitted and 
become hereditary. Putting these facts together, 
Lamarck endeavoured to account for the first by 
the operation of the second. Place an animal in 
new circumstances, says he, and its needs will be 
altered; the new needs will create new desires, and 
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tlio attempt to gratify such desires will I’csult in an 
appropriate modification of tlio organs exerted. 
Make a man a blacksmith, and his brachial muscles 
will develop in accordance with the demands made 
upon them, and in like manner, says Lamarck, 
''the efforts of some short-necked bird to catch 
fish without wetting himself have, with time and 
perseverance, given rise to all our herons and 
long-necked waders/" 

The Lamarckian hypothesis has long since been 
justly condemned, and it is the established prac¬ 
tice for every tyro to raise his heel against tluj 
carcase of the dead lion. Btit it is randy either 
wise or instructive to treat even the <irrors of a 
really great man with more ridicuhi, and in tlui 
present case the logh^al form of the doci^riue stands 
on a very different footing from its substances 

If species have really arisiiu by the operation 
of natural conditions, w(i ouglit to be able 1o fin<I 
those conditions now at work; we ought to lx? 
able to discover in nature sonui powt‘r adetjuaht 
to modify any given kind of animal or plant in 
such a manner as to give rise to another kind, 
whi(di would he adinitUxl by naturalists ns a 
distinct species. Lamanik imagined that he had 
discovered this mm caum in the admitttxl facts 
that some organs may be modified by exitnise; 
and that modifications, oncij produceil, are capable 
of hereditary transmission. Tt does not seetn to 
have occurred to him to iiujuire wludhcir thtuHi is 
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any reason to believe that there are any limits to 
the amount of modification producible, or to ask 
how long an animal is likely to endeavour to 
gratify an impossible desire. The bird, in our 
example, would surely have renounced fish dinners 
long before it had produced the least effect on leg 
or neck. 

Since Lamarck’s time, almost all competent 
naturalists have left speculations on the origin of 
species to such dreamers as the author of the 
Vestiges,” by whose well-intentioned efforts the 
Lamarckian theory received its final condemnation 
in the minds of all sound thinkers. Notwith¬ 
standing this silence, however, the transmutation 
theory, as it has been called, has been a ‘‘ skeleton 
in the closet” to many an honest zoologist and 
botanist who had a soul above the mere naming of 
dried plants and skins. Surely, has such an one 
thought, nature is a mighty and consistent whole, 
and the providential order established in the 
world of life must, if we could only see it rightly, 
be consistent with that dominant over the multi¬ 
form shapes of brute matter. But what is the 
history of astronomy, of all the branches of physics, 
of chemistry, of medicine, but a narration of the 
steps by which the human mind has been com¬ 
pelled, often sorely against its will, to recognise 
the operation of secondary causes in events where 
ignorance beheld an immediate intervention of a 
higher power ? And when we know that living 
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tluDgs arc formed of tho same elemenf.s as tlie 
inorganic world, that they act and react npon it, 
bonnd by a thousand tics of natural piety, is it 
probable, nay is it possible, tliat they, and they 
alone, should have no order iu their scheming 
disorder, no unity in their seeming niulilplicity, 
should suffer no explanation by tho <liscovery 
of some central and sublime law of mutu.al 
connection ? 

Questionsof this kitul have assure<lly often arisen, 
but it might have been long hdore they received 
such expression as would have commanded tho 
respect and attention of tho scientiii(‘. world, had 
it not been for tho publication r)f the work which 
prompied this article. Jts author, Mr. Darwin, 
inheritor of a once celebrated name, won his spurs 
in science when most of those now distitiguished 
wen? young jiioji, and has for tla? last twenty 
yc?ars held a place in tlie front ra,iiks of Britisli 
])hil<iHoph(jrs. AfUn* a cinuininavigutory voyag(‘., 
undertake-n solely for (ho love of liis scicnc(‘, Mr. 
Darwiii puhlished a seihis of nisearcluis whhth at 
once arrcstcul tho att(?nti<'>u of naturalists and 
geologists; Inis gcjneralisations liavo sinci^ ni<jeiv(jd 
ample confinnation and now commfuid uriiv<jrsal 
assemt, nor is it <|ueHtionahlo that (ley Imw*. had 
(he most important iuflu(*u(*(i on tin? jirogress of 
scionots More recently Mr, Darwin, with a 
versatility wliicli is among tin? rarest gifts, 
turned his attention to a most tliilicult (juesiion of 
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zoology a-nd minute anatomy; and no living 
naturalist and anatomist has published a better 
monograph than that which resulted from his 
labours. Such a man, at all events, has not 
entered the sanctuary with unwashed hands, and 
when he lays before us the results of twenty 
years’ investigation and reflection we must listen 
even though we be disposed to strike. But, in 
reading his work, it must be confessed that the 
attention which might at first be dutifully, soon 
becomes willingly, given, so clear is the author’s 
thought, so outspoken his conviction, so honest 
and fair the candid expression of his doubts. 
Those who would judge the book must read it: 
we shall endeavour only to make its line of argu¬ 
ment and its philosophical position intelligible to 
the general reader in our own way. 

The Baker Street Bazaar has just been exhibit¬ 
ing its familiar annual sj)ectacle. Straight-backed, 
small-headed, big-barrelled oxen, as dissimilar 
from any wild species as can well be imagined, 
contended for attention and praise with sheep of 
half-a-dozen different breeds and styes of bloated 
preposterous pigs, no more like a wild boar or sow 
than a city alderman is like an ourang-oiitang. 
The cattle sliow has been, and perhaps may again 
be, succeeded by a poultry show, of whose crowing 
and clucking prodigies it can only bo certainly 
predicated that they will bo very unlike the 
aboriginal riiasiamos gallus. If the seeker after 
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animal anomalies is not satisfied, a turn or two in 
Seven Dials will convince him that the breeds of 
pigeons are quite as extraordinary and unlike one 
another and their parent stock, while tlie Horti¬ 
cultural Society will provide him with any uuniber 
of corresponding vegetable aberrations from 
nature’s types. He will learn with no little 
surprise, too, in the course of his travels, that the 
projn'ietors and producers of these animal and 
vegetable anomalies regard them as distinct 
species, with a firm belief, the strength of whicli 
is exactly proportioned to their ignorauce of 
scientific biology, and which is the more remark¬ 
able as they arc all proud of their skill in originat¬ 
ing such species.” 

On careful incpiiry it is found that all these, and 
the many other artificial breeds or ra.C()S of animals 
and jdants, have boon produced by one method. 
TIui breeder—and a skilful one. must be a person 
of much sagacity and natural (U* actpiired perceptive^ 
faculty—notes som<‘. slight diflbrenc(s arisitig In*, 
knows not how, in some individuals of his stock. 
If he wish to perpetuate the diffijroinju, to form a 
breed with the peculiarity in (piestiim strongly 
markcnl, ho selects such male ami female indi¬ 
viduals a,s exhil)it the desired characha*, and brotids 
from them, Th<*Jr otfspring arc*, tlum carefully 
examined, and those which exhibit the peculiarity 
the most distinctly are sehjcted for bree<ling; and 
this operation is repeated until the desired amount 
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of divergence from the primitive stock is reached. 
It is then found that by continuing the process of 
selection—always breeding, that is, from well- 
marked forms, and allowing no impure crosses to 
interfere—a race may be formed, the tendency of 
which to reproduce itself is exceedingly strong; 
nor is the limit to the amount of divergence which 
may be thus produced known; but one tiling is 
certain, that, if certain breeds of dogs, or of pigeons, 
or of horses, were known only in a fossil state, no 
naturalist would hesitate in regarding them as 
distinct sjiecies. 

But in all those cases we have human interfer¬ 
ence. Without the breeder there would be no 
selection, and without the selection no race. 
Before admitting the possibility of natural species 
having originated in any similar way, it must be 
proved that there is in Nature some power which 
takes the place of man, and performs a selection 
$%od sponte. It is the claim of Mr. Darwin that he 
professes to have discovered the existence and the 
modus operandi of this natural selection,'’ as he 
terms it; and, if he be right, the process is per¬ 
fectly simple and comprehensible, and irresistibly 
deducible from very familiar but well nigh for¬ 
gotten facts. 

Who, for instance, has duly reflected upon all 
the consequences of the marvellous struggle for: 
existence which is daily and hourly going on^ 
among living beings ? Not only does every animal 
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live at tlie expense of some other animal or plant, 
but the very plants arc at war. The ground is 
full of seeds that cannot rise into seedlings; the 
seedlings rob one another of air, light and water, 
the strongest robber winning the day, and ex¬ 
tinguishing his competitors. Year after year, the 
wild animals with which man never interferes are, 
on the average, neither more nor less immorous 
tljian tliey were ; and yet we know that the annual 
produce of every pair is from one to porluips a 
million young; so that it is mathematically certain 
that, on the average, as many are killed by natural 
causes as arc born every year, and those only esca[>e 
which happen to ho a littk* better fitted to riisist 
destruction than those which die. The individuals 
of a species an^ like the (*.rew of a found(‘n‘(l shi]), 
an<l Jione but good swimmers ha.V(i a cha,u(t(‘, of 
reaching th(‘. Ia.nd. 

Huch be,ing un((U(‘stional)ly the necitssary con¬ 
ditions umle,r which living (T(jatures exist, Wr. 
Darwin discovers in tlunu the insinnntaitof natural 
s<doction. Suppose that in tli<‘, midst of this in¬ 
cessant competition sonui individuals of a sp(^(a(^s 
(A) pnisont accidental variations which liappim to 
fit them a little hcttte.r than th(*ir fi^llows for tlui 
struggle in which they arc^ (mgagetl, tium the, 
(diaticcB an*, in favour, not only of these individuaJs 
Indug bitter nourish(‘d than tln^ othm’S, but of 
thidr ])rod()minating over thiur fellows in oth<‘r 
ways, and of having a bei^ter idia,ucc of lutiviug 
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ofifspring, which will of course tend to reproduce 
the peculiarities of their parents. Their offspring 
will, by a parity of reasoning, tend to predominate 
over their contemporaries, and there being (sup¬ 
pose) no room for more than one species such as 
A, the weaker variety will eventually be destroyed 
by the new destructive influence which is thrown 
into the scale, and the stronger will take its jflacc. 
Surrounding conditions remaining unchanged, the 
new variety (which we may call B)—supposed, for 
argument's sake, to be the best adapted for these 
conditions whicli can be got out of the original 
stock—will remain unchanged, all accidental devia¬ 
tions from the type becoming at once extinguished, 
as less fit for their post than B itself. The tend¬ 
ency of B to persist will grow with its persistence 
through successive generations, and it will acquire 
all the characters of a new species. 

But, on the other hand, if the conditions of life 
change in any degree, however slight, B may no 
longer be that form which is best adapted to with¬ 
stand their destructive, and profit by their sus¬ 
taining, influence; in wliich case if it should give 
rise to a more competent variety (C), this will take 
its place and become a new species ; and thus, by 
natural selection, the species B and C will be suc¬ 
cessively derived from A. 

That this most ingenious hypothesis enables us 
to give a reason for many a])parent anomalies in 
the distribution of living beings in time and space. 
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and that it is not contradicted by the main phen¬ 
omena of life and organisation appear to ns to be 
luiqucstionable; and, so far, it must be a(imittcd to 
have an immense advantage over any of its prede¬ 
cessors. But it is quite another matter to affirm 
absolutely either the truth or falsehood of Mr. 
Darwin’s views at the present stage of the inejuiry. 
Goethe has an excellent aphorism defining that 
state of mind wliicli ho calls '' Thatigc Skepsis ” 
—active doubt. It is doubt wliich so loves truth 
that it neither dares rest in doubting, nor extin¬ 
guish itself by unjustified belief; and wo commend 
this state of mind to students of species, witli 
respect to Mr. Darwin’s or any other hypothesis, 
as to their origin. The conibiiuid investigations 
of another twenty years may, perhaps, enal>le 
naturalists to say wliethor the nuxlifying causers 
and the selective power, wliicli Mr. Darwin has 
satisfactorily shown to (‘xist in Naitire, are com¬ 
petent to produce ail tlie efie‘ets he asiU-ilKJS i.o 
them; or whether, on the other hand, he has be<‘n 
led to oveiMJStiuiate tlie value of th(^ priiunphi of 
natural selection, as gn^atly ns Lamar<‘k ov(‘r- 
estimatedIns vmt eansa of mo<lifl<;ation by (‘X(*rcis<‘. 

But there is, at all events, one advantagui pos¬ 
sessed hy the more reo(uit writ<ir over his pre- 
<hjcxissoi\ Mr. Darwin abhors spcxtubition as 
natur<‘. ablnorsa vacuum. H<} is as gnx'dy of <*ases 
and pn‘<x‘d<nits as any constitutional Iawy<‘r, and 
all the principhss lie lays down aixi cajiable of Isung 
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broiiglit to the test of observation and experiment. 
The path he bids us follow professes to be, not a 
mere airy track, fabricated of ideal cobwebs, but a 
solid and broad bridge of facts. If it be so, it 
will carry us safely over many a chasm in our 
knowledge, and lead us to a region free from the 
snares of those fascinating but barren virgins, the 
Final Causes, against whom a high authority has so 
justly warned us. My sons, dig in the vineyard,^’ 
were the last words of the old man in the fable : 
and, though the sons found no treasure, they made 
their fortunes by the grapes. 
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Me. Daewin’b long-standing and wcdl-oarned 
scnmtilic (‘UiiiK^uco i)roI)al)ly renders him iudiHer- 
ent to that social notoriid.y Avhich passt‘s hy the 
jijuue of success; l)ut il* tlio calm si>irit of the 
])hilosoi)li(T have not yet wholly supersi^dcul tln^ 
a-mhition and th(j vanity of the carnal man within 
him, lie must bo w(ill salislied with tln^ nwilts (»f 
his Vimturc in publishing the “ Origin of Species/' 
Overliowing the narrow bounds of ]nir(‘ly sci(‘ntili<^ 
circles, the '^speei<^s (piestiou " divi<U‘S with Italy 
and the Volunteers the attention of gcuieral 
society. Everybody has rt«id Air. Darwin's l)ook, 
or, at least, has givcui an o|>inion ujKm its nuTiis 
or dciinerits; ])i(itists, whetiuu' lay or (‘(^elesiastic., 
decry it with tin*, miM railing whi<^li sounds so 
charitable; bigots denounce it with ignorant 
invective; ol<l ladies of both sexes consider it a 
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decidedly dangerous book, and even savants, who 
have no better mud to throw, quote antiquated 
writers to show that its author is no better than 
an ape himself ; while every philosophical thinker 
hails it as a veritable Whitworth gun in the 
armoury of liberalism ; and all competent natural¬ 
ists and physiologists, whatever their opinions as 
to the ultimate fate of the doctrines put forth, 
acknowledge that the work in which they are 
embodied is a solid contribution to knowledge 
and inaugurates a new epoch in natural history. 

Nor has the discussion of the subject been 
restrained within the limits of conversation. 
When the public is eager and interested, reviewers 
must minister to its wants; and the genuine 
liiMTaicuT is too much in the habit of acquiring 
his knowledge from the book ho judges—as the 
Abyssinian is said to provide himself with steaks 
from the ox which carries him—to be withheld 
from criticism of a profound scientific work by 
the mere want of the requisite preliminary scien¬ 
tific acquirement ; while, on the other hand, the 
men of science who wish well to the new views, 
no less than those who dispute their validity, have 
naturally sotight opportunities of expressing their 
opinions. Hence it is not surprising that almost 
all the critical journals have noticed Mr. Darwin’s 
work at greater or loss length ; and so many dis¬ 
quisitions, of every degree of excellence, from the 
poor product of ignorance, too often stimulated by 
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prejudice, to tlie fair and tbouglitful essay of tlio 
candid student of Nature, liave appeared, that it 
seems an almost liupelcss task to attempt to say 
anything new upon the question. 

But it may be doubted if the knowledge and 
acumen of prejudged scientific opponents, and tlio 
subtlety of orthodox special pleaders, have yefc 
exerted their full force in mystifying the re<al issues 
of the great controversy which has been set afoot, 
and whoso end is hardly likely to bo seen by this 
generation ; so that, at this eleventh hour, and even 
failing anything now, it may bo useful to state 
afresh that wliich is true, and to put the funda¬ 
mental positions advocated by Mr. Darwin in siuth 
a form tluit they may be grasped by those whose 
special studic^s lie in other directions. And the 
adoption of this course maybe the more advisable, 
because^ notwithstanding its great des<‘rts, and 
indeed ])artly on account of them, tlui Origin of 
Bpeciiis’^ is hy no m<«ins an (^asy book to rc^ad—if 
by ixuwling xsimpli(‘d tlie full compn^lauision of an 
author’s meaning. 

We do not speak jestingly In stiying that it is 
Mr. Darwin’s misfortmui to know mon^ about the 
(picstion he has tak<tu up than any man living. 
Personally and practi(^ally exiirciscd in ssoology, in 
mimito anatomy, in geology ; a stmhiut of geogra¬ 
phical distribution, not on maps and in muscuims 
only, but by long voyages and laborioxis collection; 
having largely advanced (iach of tlnsst^ brancln^s of 
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science, and having spent many years in gathering 
and sifting materials for his present work, the 
store of accurately registered facts upon which the 
author of the “ Origin of Species ” is able to draw 
at will is prodigious. 

But this very superabundance of matter must 
liave been embarrassing to a writer who, for the 
present, can only put forward an abstract of his 
views; and thence it arises, perhaps, that notwith¬ 
standing the clearness of the style, those who 
attempt fairly to digest the book find much of it 
a sort of intellectual pemmican—a mass of facts 
crushed and pounded into shape, rather than held 
together by the ordinary medium of an obvious 
logical bond; due attention will, without doubt, 
discover this bond, but it is often hard to find. 

Again, from sheer want of room, much has to 
be taken for granted which might readily enough 
be proved; and hence, while the adept, who can 
supply the missing links in the evidence from his 
own knowledge, discovers fresh proof of the singu¬ 
lar thoroughness with which all difficulties have 
been considered and all unjustifiable suppositions 
avoided, at every reperusal of Mr. Darwin's preg¬ 
nant paragraphs, the novice in biology is apt to 
complain of the frequency of what he fancies is 
gratuitous assumption. 

Thus while it may be doubted if, for some years, 
any one is likely to be competent to pronounce 
judgment on all the issues raised by Mr. Darwin, 
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i,horo is assnrcHlly abundant ro<'nu for wlio, 
assuming the Inimblor, tliough |Mirliai>s as useful, 
oflH(^o of an inforpreLer btiiwecu the Origin of 
Rpecios’' and tlic public, contents liiinself with 
(‘udeavonring to point out the nature of the prob- 
k‘ins wlii<;h it discusses; to disting’uisli b(‘tvve<‘n 
llni asc(Ttaijii‘d facts and ilie lh(‘oretieal views 
whieli it eontiaJns ; an<l finally, to show the Cixtent 
to whit*h tlK‘ <‘\i)Ianai.i(>n it offtTs saiisfli‘s the re.- 
(jiiirenK^nts of se.ii'ntiflc looie. At any rate, it is 
this ofiice whii^li we purpose io undertake in the 
folIowin<jf ])aini‘S. 

Jt may ]>e saJely a.ssunied tliai. our r(‘ad(‘rs ha,ve 
ao^MHM’al (*one<'plion <)f th(‘ md.uni of tli<* objiicts 
to whic'h lh(‘. word spe(aes is a.ppli(*(l; but it 
ha.s, p(‘rIia[)S, oc(*mTe<l t<» a, few, evitn to thosi^ who 
ar<j naturaJists r,r to rel!e<*t, tliai., a,s <iom- 

monly employed, ih(‘ term lias a, doiilile siaise and 
denoi.(‘S two v<‘ry different ord<‘rs of relations. 
When wc! (‘all a jjfroup of a.nimaJs, or of plants, a 
sjMicies, W(‘ may iniply th<‘rehy, (‘itlu*r that all 
tlnssii animals or plants ha.v(^ some <*ommon jHutuli- 
arity of form or stru<d,ure,; or, we may mean that 
tiny possess som<*, (‘ommon iinu^lionaJ <‘ha.ra<!t(‘r. 
That part of biolo'^ii^al stmaiei^ whi(‘h deals with 
form and stni(‘.ture is (*a!I(*d Morp]i(»loxy~-”thai 
whi(di (uineerus itsidf with function, Idiysioloey— 
so that we may (^onvimiently spi^ak of theses two 
s<ns(‘H, or aspisjts, of spi‘(aes —the on(‘ as mor-* 
plmlog’ical, ihe oih(*r as physiological. .ll(‘garded 
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from tlie former point of view, a species is nothing 
more tliaii a kind of animal or plant, which is 
distinctly dofinablo from all others, by certain 
constant, and not merely sexual, morphological 
peculiarities. Thus horses form a species, because 
the group of animals to which that name is applied 
is distinguished from all others in the world by 
the following constantly associated characters. 
They have—1, A vertebral column ; 2, Mamma3; 
3, A placental embryo ; 4, Four legs ; 5, A single 
well-developed toe in each foot provided with a 
hoof; 0, A bushy tail; and 7, Callosities on the 
inner sides of both the fore and the hind legs. 
The asses, again, form a distinct species, because, 
with the same characters, as far as the fifth in the 
above list, all asses have tufted tails, and have 
callosities only on the inner side of the fore-legs. 
If animals were discovered having the general 
characters of the horse, but sometimes with cal¬ 
losities only on the fore-legs, and more or less 
tufted tails; or animals having the general char¬ 
acters of the ass, but with more or less bushy 
tails, and sometimes with callosities on both pairs 
of legs, besides being intermediate in other re¬ 
spects—the two species would have to be merged 
into one. They could no longer be regarded as 
morphologically distinct species, for they would 
not be distinctly definable one from the other. 

However bare and simple this definition of 
species may appear to be, we confidently appeal to 
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all jTOctical naturalists, whothcr zoologists, botan¬ 
ists, or paliTontologists, to say if, in tlie vast 
majority of oases, they know, or mean to aflSrm, 
anything more of the group of animals or plants 
they so denominate than wliat has just been stated. 
Even the most decided advocates of the received 
doctrines respecting S])ocies admit this. 

“ I ai)prolieutI,”says Professor Owen,' “ tli.at few naliiralists 
nowadays, in doscsrilniig and proposing a nanut for what they 
(juU ‘ a innv speete,%^ mo that term to signify ^\hai w’as meant by 
it twenty or thirty years ago; that is, an originally distinet 
creation, maintaining its primitive distiiudion hy ohstrindive 
generative peculiarities. The proposer of the now sp(‘(‘ies now 
intends to state no more than he a(‘tually knows; as, hir 
example, that the dilfcrenccs on which ho founds the. specdfic 
<dnira<'t(ir are oonstant in individuals of both sexes, so far as 
ohs(*rviitum has reaelied ; and that th(‘y Jire not duo to doni<‘K- 
tieation or to artificially siij>eriiulue(‘d external eirc.uinstani'es, or 
to any outward inlluence within his c*ogni/am‘e ; that tin* speries 
is wild, or is such as it uppears hy Nature.'’ 

If wc consider, in fiict, that by far tlio largt^st 
proportion of rcicordcd existing spocicts are known 
only by the study of their skins, or boiuis, or other 
liftdeSvS exuviie ; that we are acNpiaintcd with none, 
or ruixt to none, of their physiological peculiarities, 
bc‘.yond those which can he dtjducKul from their 
siructun!, or are opcni to cursory observation; and 
that we cannot hope to learn more of tiny of those 
extinct forms of life which now constitute no 
inconsiderable proportion of the known Flora and 

^ ** On the Osteology of tho Chimpanzees and Orungs ; 
TmwiicMom of the Zoological HocUiy^ 1S58, 
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Fauna of the world : it is obvious that the defini¬ 
tions of these species can be only of a purely 
structural, or morphological, character. It is 
probable that naturalists would have avoided 
much confusion of ideas if they had more fre¬ 
quently borne the necessary limitations of our 
knowledge in mind. But while it may safely be 
admitted that we are acquainted with only the 
morphological characters of the vast majority of 
species—the functional or physiological, peculiari¬ 
ties of a few have been carefully investigated, and 
the result of that study forms a large and most 
interesting portion of the physiology of reproduc¬ 
tion. 

The student of Nature wonders the more and is 
astonished the less, the more conversant ho becomes 
with her operations; but of all the perennial 
miracles she offers to his inspection, perhaps the 
most worthy of admiration is the development of 
a plant or of an animal from its embryo. Examine 
the recently laid egg of some common animal, 
such as a salamander or newt. It is a minute 
spheroid in which the best microscope will reveal 
nothing but a structureless sac, enclosing a glairy 
fluid, holding granules in suspension.^ But strange 
possibilities lie dormant in that semi-fluid globule. 
Let a moderate supply of warmth reach its watery 
cradle, and the plastic matter undergoes changes 

^ [Wliew tins sent(aKuj was written, it was generally believed 
that the original nucleus of the egg (the germinal vesicle) 
disappeared. 
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SO rapid, yet so steady and purpose! ike in their 
succession, that one can only coinpfiro them to 
tlioso operated by a skilled modeller upon a form¬ 
less lump of clay. As with an invisible trowel, 
the mass is divided and subdivided into smaller 
and smaller portions, until it is reduced to an 
aggregation of granules not too largo U) build withal 
the lin(‘st fabrics of the nascent organism. And, 
tlien, it is as if a deli(iat{3 linger traced out the line 
to be occupied by the spinal column, and moulded 
tlu^ contour of the body; pinching up the head 
at one end, the tail at the other, and fashioning 
flank and limb into due salamantlrine ))n)[)ortions, 
in so artistie a way, that, after wabdiing lliti j)ro(u;SH 
Innirby hour, one is almost involuntarily j)osst‘SS(Ml 
by tins notion, tliat some more stibtle aid to vision 
than an acliromath^, would show tlui hid<l(m artist, 
with liis plan Indort) him, striving with skilful 
manipulation to p<rle<di his work. 

As life advances, and 1hc‘ young a-mphihiau 
ranges tlui waters, tluj te.rror of his ins(*(‘t<iou- 
temj>orari(‘S, not only arc tlui nutritious jKuileles 
supj)n(Ml by its j)ny, by th(‘ addition <»r whi<di to 
its fraimi, growth takes place, Inki down, <‘atdi in 
its proper spot, and in smdi <[ue proportion In tin? 
nfst, as to r<‘,i)rotIuce tlui form, ilu) colour, and the 
si/.(^, (iliara(keristi(*, of tins panmtal stock ; l)ut (tvtui 
the womhu'ful povvtrs of n‘j)ro(iucing lost parts 
possessed l)y fclu^se animals are eontrolh‘,d by tlie 
same governing temhmey. (Jut off the legs, the 
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tail, the jaws, separately or all together, and, as 
Spallanzani showed long ago, these parts not only 
grow again, but the redintegrated limb is formed 
on the same type as those which were lost. The 
new jaw, or leg, is a newt's, and never by any 
accident more like that of a frog. What is true 
of the newt is true of every animal and of every 
plant; the acorn tends to build itself up again 
into a woodland giant such as that from whose 
twig it fell; the spore of the humblest lichen 
reproduces the green or brown incrustation which 
gave it birth ; and at tlio other end of the scale of 
life, the child tliat resembled neither tlic paternal 
nor the maternal side of the house would bo 
regarded as a kind of monster. 

So that the one end* to which, in all living 
beings, the formative impulse is tending—the one 
scheme which the Archmus of the old speculators 
strives to carry out, seems to bo to mould the 
offspring into the likeness of the parent. It is 
the iirst great law of reproduction, that the 
offspring tends to resemble its parent or parents, 
more closely than any tiling else. 

Science will some day show ns how this law is a 
necessary oouse(pieuce of the more general laws 
which govern matter; but, for the present, more 
can hardly bo said than that it appears to be in 
harmony witli tlniin. Wo know that the idiso- 
uomena of vitality are not something apart from 
other physical pliuiiiomena, but one with them; 
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and matter and force are the two names of the 
one artist wlio fashions the living as well as the 
lifeless. Hence living bodies should obey the 
same great laws as otlier matter—nor, throughout 
Nature, is there a law of wider apiolication than 
this, that a body impelled by two forces takes the 
direction of their resultant. But living bodies 
may bo regarded as nothing but cxtroincly complex 
bundh’S of forces held in a mass of matter, as the 
coTiiplcx forces of a magnet arc hold in the steel 
by its coercive force; and, since the <liffcrences 
of sox are comparatively slight, or, in other words, 
the sum of tlie forces in each has a very similar 
(ondeney, their rosuUaiit, the offspring, may reason¬ 
ably be expected to deviate but little from a course 
parallel to cither, or to botli. 

Represent the j’cason of the law to ourselves by 
what physical melaphor or a,na1ogy wo will, liow- 
ever, ih(^ great matter is toa])prehend its existoncii 
and the importance of tli<i conscspumciis (l(^(liufib]<i 
from it. For things whujli are like to the samcj 
are like oih^ another; an<l if, in a grt^at scuies of 
gencTations, every offspring is like ii.s panmi., it 
follows that all the offsju’ing and all the parents 
must be like one another; and that, given an 
original j)areuta.l stock, with the oj)portuuity of 
undisturbed multiplujaiion, the law in question 
necessitates the production, in course of tiitu?, of 
an indefinitely large group, th(i whole of tlui uuua- 
bers of which are at oncui very similar and are blood 
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relations, having descended from the same parent, 
or pair of parents. The proof tliat all the members 
of any given group of animals, or plants, had thus 
descended, would be ordinarily considered sufficient 
to entitle them to the rank of physiological species, 
for most physiologists consider species to be de¬ 
finable as "'the offspring of a single primitive 
stock.” 

But though it is quite true that all those 
groups we call species 7nay, according to the 
known laws of reproduction, have descended from 
a single stock, and though it is very likely they 
really have done so, yet this conclusion rests on 
deduction and can hardly hope to establish itself 
upon a basis of observation. And the primitive¬ 
ness of the supposed single stock, which, after all, 
is the essential part of the matter, is not only a 
hypothesis, but one which has not a shadow of 
foundation, if by primitive ” be meant “indepen¬ 
dent of any other living being.” A scientific 
definition, of which an unwarrantable hypothesis 
forms an essential part, canies its condemnation 
within itself; but, even supposing such a 
definition were, in form, tenable, the physiologist 
who should attempt to apply it in Nature would 
soon find himself involved in great, if not in¬ 
extricable, difficulties. As we have said, it is 
indubitable that offspring tend to resemble the 
parental organism, but it is equally true that the 
similarity attained never amounts to identity 
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either in form or in structure. There is always a 
certain amount of doviation, not only from the 
precise charactcu’s of a single parent, hut when, as 
in most animals and many plants, the sexes are 
lo<lged in distinct individuals, from an exact mean 
hetween the two parents. And indeed, on 
general principles, this slight deviation seems as 
intelligihlo as the general siiniLirity, if we reflect 
how complex the co-oporating “ bundles of forces 
are, and how improbable it is that, in any case, 
their true resultant shall coincide with any mean 
botwoon the more obvious characters of the two 
parents. Whatever be its cause, however, the 
co-existenco of this tendency to minor variation 
witli the teiuleucy to general similarity, is of vast 
importance in its bearing on the (piestion of the 
origin of species. 

As a gciueral ruhj, the extent to which an 
offsprijig differs from its panjiit is slight enough; 
but, occasionally, the ainouut cd* dilFerenc(i is juuch 
more strcuigly marked, and then the diverg<mt 
ollspring receives tlio name of a Variety. Multi- 
tii<l(ss, of what there is every reason to belicwo are 
such varieti(js, arcs known, but the origin of V(*Ty 
few has beem accurately r(Kjordc<l, and of thcs<j we 
will select two as more especially illustrative of 
the main features of variation. The first of them 
is that of the Anconor ‘Hotter*' sheep, of 
whioli a careful account is given by Colonel 
David Humphreys, in a I<3tU^r to Blr 
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Joseph Banks, published in the “ Philosophical 
Transactions'' for 1818. It appears that one Seth 
Wright, the proprietor of a farm on the banks 
of the Charles River, in Massachusetts, possessed 
a flock of fifteen ewes and a ram of the ordinary 
kind. In the year 1791, one of the ewes 
presented her owner with a male lamb, differing, 
for no assignable reason, from its parents by a 
jjroportionally long body and short bandy legs, 
whence it was unable to emulate its relatives in 
those sportive leaps over the neighbours^ fences, 
in which they were in the habit of indulging, 
much to the good farmer’s vexation. 

The second case is that detailed by a no less 
unexceptionable authority than RtSaumur, in his 
“Art de faire ecloro les Poulets.” A Maltose 
couple, named Kelleia, whoso hands and feet were 
constructed upon the ordinary Iminan model, had 
born to them a son, Gratio, who possessed six per- 
focjily movable fingers on each hand, and six toes, 
not quite so well formed, on each foot. No cause 
could be assigned for tlie appearance of this unusual 
variety of the human species. 

Two circumstances are well worthy of remark in 
both these cases. In each, the variety appears to 
have arisen in full force, and, as it were, saltmv ; 
a wide and definite difference appearing, at once, 
between the Ancon ram and the ordinary sheep; 
between the six-fingered and six-toed Gratio Kelleia 
and ordinary men. In neither case is it possible 

D 2 
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to point out any obvious reason for tlic appearaneo 
of the variety. Doubtless there were detennining 
causes for these as for all otlier phteuomena; but 
they do not appear, and we can be tolerably certain 
that what are ordinarily understood as changes in 
])hysical conditions, as in climate, in food, or the 
like, did not take place and had nothing to do with 
the matter. It Avas no case of what is coimnonly 
called adiiptatiou to circumstances; but, to use a 
conveniently orroiioous phrase, the variations arose 
spontaneously. The fruitless S(\‘irch aftc^r final 
causiis loads their pursuers a long way; but oven 
those hardy tcileulogists, who are ready to bretik 
through all tho laws of physics in chase of their 
favourite vvill-o’-tho-wisp, may be pusizlod to dis- 
(‘ov(n' wliat purpose could be attained by the stunted 
logs of Seth Wriglii’s rain or the hexadaciyle 
nnunbers of Gratio Ktdleia. 

Varitities then arise wo know not why; and it is 
nior(5 tlian probable that tho majority of variotujs 
have arisen in tin's '"sjiontaneous ** manner, though 
wo arc, of course, far from denying that they may 
be traced, in some cases, to distinct external in- 
lIu(*ncos; which are assuredly competent to alter 
' the character of the bigumentary covering, to 
change colour, to increase or diminish the sizci of 
muscl(% to modify constitution, an<l, among plants, 
to give rise to the metamorphosis of stamens into 
jietals, and so forth. But however they may have 
arisen, what especially interests us at prestmt is, to 
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remark that, once in existence, many varieties obey ; 
the fundamental law of reproduction that like tends 
to produce like; and their offspring exemplify it by ; 
tending to exhibit the same deviation from the 
parental stock as themselves. Indeed, there seems 
to be, in many instances, a prepotent influence 
about a newly-arisen variety which gives it what 
one may call an unfair advantage ovei’ the normal 
descendants from the same stock. This is strik¬ 
ingly exemplified by the case of Gratio Kclleia, 
who married a woman with the ordinary penta- 
dactyle extremities, and had by her four children, 
Salvator, George, Andr4, and Marie. Of these 
children Salvator, the eldest boy, had six fingers 
and six toes, like his father; the second and third, 
also boys, had five fingers and five toes, like their 
mother, though the hands and feet of George 
were slightly deformed. The last, a girl, had five 
fingers and five toes, but the thumbs were slightly 
deformed. The variety thus reproduced itself 
purely in the oldest, while the normal type 
reproduced itself purely in the third, and almost 
purely in the second and last: so that it would 
seem, at first, as if the normal type were more 
powerful than the variety. But all those children 
grew up and intermarried with normal wives and 
husband, and then, note what took place : Salvator 
had four children, throe of whom exhibited the 
hexadactyle members of their grandfather and 
father, while the youngest had the pentadactyle 
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limbs of the mother and grandmother; so that 
hero, notwithstanding a double pentadactyle 
dilution of the blood, the hexadactylo variety had 
the best of it. The same pre-potency of the 
variety was still more markedly exeinidifiod in the 
progeny of two of the oilier children, Marie and 
George. Marie (whoso thumbs only were de¬ 
formed) gave birth to a boy with six toes, and 
three other normally formed cliildron; but George, 
who was not quite so pure a pentadactyle, begot, 
first, two girls, each of whom had six fingers and 
toes ; then a girl with six fingers on each hand and 
six toes on the right foot, but only five toes on 
the left; and lastly, a boy with only five fingers 
and toes. In these instances, tlierofm'c'i, the 
variety, as it were, leaped over one geiK^rrition to 
reia-odnee itsidf in full force in the next. FinaJIy, 
the pundy ponfadaciyle Andre 'was the fatluT of 
many eliildreu, not onc^ of whom d(‘part<‘d from 
the normal parental tyi><4. 

If a variation whic.h a.p])roaeh(‘S th(‘ natun^ of a 
monstrosity can striv(i thus fonably to n*produce 
itse.ir, it is not wond(‘rful tliat h‘ss aberrant 
modifications should t<*nd to h(i prestirved ev^m 
uKm*. strongly; and ilu*. history of the. An<*ou she<jp 
is, in this respect, particularly insi.ructive. Witli 
the ''’cuteu<‘ss ” characteristic of th<*ir nati<m, tlu^ 
neighbours of the Massacduisetts farmer imagined 
it would bo an <txc<}llout thing if all hi^s sluiop 
wore imbued with tlie stay-at-h,omo teudimcio«$ 
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enforced by Nature upon the newly-arrived ram; 
and they advised Wright to kill the old patriarch 
of his fold, and install the Ancon ram in his place. 
The result justified their sagacious anticipations, 
and coincided very nearly with what occurred to 
the progeny of Gratio Kelleia. The young lambs 
were almost always either pure Ancons, or pure 
ordinary sheepd But when sufficient Ancon 
sheep were obtained to interbreed with one 
another, it was found that the offspring was 
always pure Ancon. Colonel Humphreys, in fact, 
states that he was acquainted with only ‘'one 
questionable case of a contrary nature.” Here, 
then, is a remarkable and well-established 
instance, not only of a very distinct race being 
established 'pcr saltmn, but of that race breeding 
''true” at once, and showing no mixed forms, 
even when crossed with another breed. 

By taking care to select Ancons of both sexes, 
for breeding from, it tlius became easy to establish 
an extremely well-marked race; so peculiar that, 

^ Colonel Ilumphroys' statements are cxceeiHngly explicit on 
this point :—“ When an Ancon owe is impregnated l)y a com¬ 
mon ram, the increase rcseiiil)les wholly cither the ewe or the 
ram. The increase of the common ewe impregnated hy an 
Ancon rain follows entirely the one or the other, without 
hlonding any of the distiiignishing and essential peculiarities 
of both. Frequent instances have liapi)ened where common 
ewes have had twins hy Ancon rams, when one exhibited the 
cuinpleto marks and features of the ewe, the otlier of the ram. 
The contrast has been rendered singularly striking, when ono 
short-legged and one long-legged lamb, produced at a birth, 
have been seen sucking the dam at the same time.’*— Philoso* 
fhical Tmnsactiom^ 1S13, Pt. I. pp. 89, 90. 
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even when herded with other sheep, it was noted 
that the Ancons kept together. And there is 
every reason to believe that the existence of this 
breed might have been indefinitely protracted; 
but the introduction of the Merino sheep, which 
were not only very superior to the Ancons in wool 
and moat, but quite as quiet and orderly, led to 
the complete neglect of tlie now breed, so that, in 
1813, Colonel Humphreys found it difficult to 
obtain the specimen, the skeleton of which ivas 
presented to Sir Joseph Banks. Wa believe that, 
for many years, no remnant of it has existed in 
the United States. 

Gratio Kelleia was not the progenitor of a race 
of six-tiugrTod men, as Seth Wright’s ram became 
a nation of Ancon sheoj), though the tendoiuy of 
the variety to perpetuate itself ajqx^ars to have 
been fully as strong in the one eas(i as in tlie 
otlun\ And the reason of the diff(jneu*.c is not 
far to sendv. S(^th Wright took earc^. not to wc^aken 
the Ancon hlood by matching his Ancon ewes 
wi(h any hut males of the same varie.ty, wliile 
Ora,tie Kolkua’s sons W(^re too far remov<xl from 
the ]>atriarclml tilings to inhTmarry with their 
sisters; and hisgraud-<diildren se<nn not to have 
boon attracted by tludr six“fing(jrt‘d cousins. In 
other words, in tlui one (example a racci was pro¬ 
duces!, because, for sev(^ral gmuu'ations, care was 
taken to both ])anmtH of th(j breeding stock 
from aniinaJs exhibiting a hnjdeney to vary in the 
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same direction ; while, in the other, no race was 
evolved, because no such selection was exercised. 
A race is a propagated variety; and as, by the laws 
of reproduction, offspring tend to assume the 
parental forms, they will be more likely to pro¬ 
pagate a variation exhibited by both parents than 
that possessed by only one. 

There is no organ of the body of an animal 
which may not, and does not, occasionally, vary 
more or less from the normal typo; and there is no 
variation which may not be transmitted and which, 
if selectively transmitted, may not become the 
foundation of a race. This great truth, sometimes 
forgotten by philosophers, has long been familiar 
to practical agriculturists and breeders ; and upon 
it rest all the methods of improving the breeds of 
domestic animals, which, for the last century, have 
been followed wnth so much success in England. 
Colour, form, size, texture of hair or wool, pro¬ 
portions of various parts, strength or weakness of 
constitution, tendency to fatten or to remain lean, 
to give much or little milk, speed, strength, tem¬ 
per, intelligence, special instincts; there is not one 
of these characters the transmission of which is not 
an every-day occurrence 'within the experience of 
cattle-breeders, stock-farmers, horse-dealers, and 
dog and poultry fanciers. Nay, it is only the other 
day that an eminent physiologist. Dr. Brown- 
Sdquard, communicated to the Royal Society his 
discovery that epilepsy, artificially produced in 
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giiinea-^jipfs, by a means which he has discovered, 
is transmitted to their offspring^ 

But a race, once produced, is no more a fixed 
and immutable entity than the stock wlience it 
sprang; variations arise among its members, and 
as these variations are transmitted like any others, 
new races may be developed out of tlui Y>re~exist- 
ing one ad infinUim, or, at least, within any limit 
at present determine<l. Given suflicient time and 
sufficieiilJy careful selection, and the multitude of 
races which may arise from a (‘ommon stock is a.s 
astonishing as arc the oxtnmie structural ditler- 
onccs wliich tlu'y may pnssent. A rcmfirkahlo 
c*xa,inpht of this is to 1)(‘ found in tln^ rock-pigfjoHi 
wlik'h Mr. Darwin has, iu (>ur opinion, satisfactorily 
demonstrated to b(‘. th<^ ]U’ogeuit(»r of all our 
donnsstic jiigtMins, of which tluu'c ans certainly 
more tliim a hundn^d w(*11-marked ra<^(*s. The 
anosf, notewortJiy of iluise ract‘S arti, lias four great 
stocks known to tlu'. Fancy” as tumbhrs, pout<*rs, 
earrim's, and fan tails; l)irds wliich not only diifir 
most singularly in size,colour, and haliits, but in the 
form <d‘ tlui beak and of tlu^ skull: in the ]>rO" 
portions of the bi^ak to tlui skull; in tlumiumber 
of iail-fcatliers; in tli<^ absolute and ndativis si;?(!i of 
t ho foot; in tln^ prt‘s<iiH‘<3 or absence of tin* uropygial 
gland; iu the nunilier of vertebnn in the ]>ack; 
in sliort, iu procdsely those characters in winch 

^ l<V)rni»ar(j WeiNmaun’s hJftaayfi Upon Heredity^ 310, et m/. 
ISim.j 
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the genera and species of birds differ from one 
another. 

And it is most remarkable and instructive to 
observe, that none of these races can be shown to 
have been originated by the action of changes in 
wliat are commonly called external circumstances, 
upon the wild rock-pigeon. On the contrary, 
from time immemorial pigeon-fanciers have had 
essentially similar methods of treating their pets, 
which have been housed, fed, protected and cared 
for in much the same way in all pigeonries. In 
fact, there is no case better adapted than that of 
the pigeons to refute the doctrine which one sees 
put forth on high authority, that "'no other 
characters than those founded on the development 
of bone for the attachment of muscles’" are 
capable of variation. In precise contradiction of 
this hasty assertion, Mr. Darwin’s researches 
2>rove that the skeleton of the wings in domestic 
pigeons has hardly varied at all from that of the 
wild typo; while, on the other hand, it is in exactly 
those respects, such as the relative length of the 
beak and skull, the number of the vertebrae, and 
the number of the tail-feathers, in which muscular 
exertion can have no important influence, that 
the utmost amount of variation has taken place. 

We have said tliat the following out of the 
properties exhibited by physiological species would 
lead us into difficulties, and at this point they begin 
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to be obrious; for if, as the result of spontaneous 
variation and of selective breeding, the progeny of 
a common stock may become separated into groups 
distinguished from one another by constant, not 
sexual, morphological characters, it is clear that 
the physiological definition of species is likely to 
clash with the morphological definition. No one 
would hesitate to describe the pouter and the 
tumbler as distinct species, if they were found fossil, 
or if their skins and skeletons were imported, as 
those of exotic wild birds commonly arc—and with¬ 
out doubt, if considered alone, they are good and 
distinct morphological species. On the other hand, 
they are not physiological species, for they are 
descended from a common stock, the rock-pigeon. 

Under these circumstances, as it is admitted on 
all sides that races occur in Nature, how arc we to 
know whether any apparently distinct animals are 
really of different physiological species, or not, 
seeing that the amount of morphological difference 
is no safe guide ? Is there any test of a physio¬ 
logical species ? The usual answer of physiologists 
is in the affirmative. It is said that such a test is 
to be found in the phsonomena of hybridisation— 
in the results of crossing races, as compared with 
the results of crossing species. 

So far as the evidence goes at present, in¬ 
dividuals, of what are certainly known to be mere 
races produced by selection, however distinct they 
may appear to be, not only breed freely together, 
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but tlie offspring of such crossed races are perfectly 
fertile with one another. Thus, the spaniel and 
the greyhound, the dray-horse and the Arab, the 
pouter and the tumbler, breed together with perfect 
freedom, and their mongrels, if matched with other 
mongrels of the same kind, are equally fertile. 

On the other hand, there can be no doubt that*' 
the individuals of many natural species are either . 
absolutely infertile if crossed with individuals of : 
other species, or, if they give rise to hybrid ' 
oflEspring, the hybrids so j)roduced are infertile 
when paired together. The horse and the ass, 
for instance, if so crossed, give rise to the mule,. 
and there is no certain evidence of offspring ever, 
liaving been produced by a male and female : 
mule. The unions of the rock-pigeon and the 
ring-pigeon appear to be equally barren of result.; 
Here, then, says the physiologist, we have a means 
of distinguisliing any two true species from any 
two varieties. If a male and a female, selected 
from each group, produce offspring, and that off¬ 
spring is fertile with others produced in the same 
way, the groups are races and not species. If, on ^ 
the other hand, no result ensues, or if the offspring 
arc infertile with others produced in the same 
way, they are true physiological species. The 
test would be an admirable one, if, in the first 
place, it were always practicable to apply it, and 
if, in the second, it always yielded results suscep¬ 
tible of a definite interpretation. Unfortunately, 
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in tlio great majority of cases, tills touchstone for 
species is wholly iiiapplicahlc. 

^Jlio constiiutioii of many wild animals is so 
altered hy confinemoiit that they will not breed 
even with their own females, so that the negative 
results obtained from crosses arc of no value; and 
the antipathy of wild animals of different species 
for one anotlier, or even of wild and tame members 
of tlic same siiecies, is ordinarily so gn‘at, tliat it 
is hopedess to look for such unions in Nature. 
The liermaidirodism of most ])lants, tlio difficulty 
in the way of insuring the abseneo of their own 
or the l>ro}>er working of other judlen, are obsta¬ 
cles of no ](;SH maguitiule in applying tlic test to 
tlumi. And, in both animals and ])lants, is super- 
a<ldod the further difficulty, ihat cixperiments 
mustlx^ eoniinu<‘d over a long tinui for the purpose 
of as<u*rtainTiig the f(*rtility of the mongrel or 
hylirid j)rogeny, as wtdl as of the iirst crosses from 
which they sjiring. 

N(it only do tlu^se great practical difficultie‘S lie 
in the way of a])plying the hyluddisaliou test, but 
cv(‘u when this oratde can l>e ({uestioned, its replies 
are somedinuis as doubtful as tliose of Delphi. 
For exiimple, cas(^s are (jit(jd by Mr. Darwin, of 
jdauts which arc more fertile with the pollen of 
aiK^thcr species than with their own; and there 
are otlu^rs, such as certain Fnoi, the male element 
of which will fertilise the ovule of a plant of 
distinct species, while the males of the latter 
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Species are ineffective -with, the females of the 
first. So that, in the last-named instance, a 
physiologist, who should cross the two species in 
one way, would decide that they were true species; 
while another, who should cross them in the 
reverse way, would, with equal justice, according 
to the rule, pronounce them to be mere races. 
Several plants, which there is great reason to 
believe are mere varieties, are almost sterile when 
crossed; while both animals and plants, which 
have always been regarded by naturalists as of 
distinct species, turn out, when the test is applied, 
to be perfectly fertile. Again, the sterility or 
fertility of crosses seems to bear no relation to the 
structural resemblances or differences of the 
members of any two groups. 

Mr. Darwin has discussed this question with 
singular ability and circumspection, and his con¬ 
clusions are summed up as follows, at page 276 of 
his work:— 

“ First crosses between forms sufficiently distinct to bo ranked 
as species, and their hybrids, are very generally, but not 
universally, sterile. The sterility is of all degrees, and is often 
so slight that the two most careful experimentalists who have 
ever lived have come to diametrically opposite conclusions in 
ranking forms by this test. The sterility is innately variable 
in individuals of the same species, and is eminently susceptible 
of favourable and unfavourable conditions. The degree of 
sterility does not strictly follow systematic affinity, but is 
governed by several curious and complex laws. It is generally 
different and sometimes widely different, in reciprocal crosses 
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l)otwf*on the same two species. It is not always e^ual in degree 
in a first cross, and in the hybrid produced from tliis cross. 

“In the same manner as in grafting trees, the capacity of 
one species or variidy to take on another is incidental on 
generally unknown differences in their vegetative systems ; so 
in crossing, the greater or less facility of one species to unite 
with another is incidental on unknown differences in their 
re[)roductivG systems. There is no more reason to think that 
species have been specially endowed with various degrees of 
sterility to prevent tlicrn crossing and hreeding in Nature, than 
to think that trees have Ix'cu Ki)ceially endowed with various 
and soiiieuhnt analogous degrees of didlcuUy in being grafted 
together, in onhu' to prevent them becoming inarched in our 
forests. 

“Tlio .sterility of first crosses })etwcen pure .species, which 
have their reprodmdive .systems perfect, .scem.s to depcml on 
several (iinuinislamvs ; in some ca.ses largely on the early death of 
the enilnyo. The .sterility of liybrids which have their repro- 
duci-ive, .systeni.s inip(*rfcct, and which have h.ad thi.s sy.stcni 
and ih(‘ir whole organisation di.sturhed liy being compounded 
<»f two distinct ,s}>e(*i{*s, .seems closely aUi«‘d to that sterility 
which .so fnspiently afleids pure .sjxMiic.s wlum their natural con- 
diii«)us of life have been di.siurb«*d. This view is .supported by 
a ])arallelism of anotlicr kind: namely, that the cimsing of 
forms, only slightly dilfenait, is favouralde to the vigour and 
fertility of the (dfsi)ring ; and that slight (dmnges in the con¬ 
dition,s of life are ap]>ur<‘ntly favourable to tlui vigour and 
fertility of all organic bcing.s. It is not surprising that the 
d('gret5 of tlitncuHy in uniting two spe<!ics, and the d<»groe of 
.st(3rility of th(‘ir hybrid offspring, should generally correspond, 
though tlue to distinct {3auH(!.s ; for both <l(‘pmul on Uie amount 
of dilferemaj of some kind betw(H‘n the .speeie.s wlihdx are crossed. 
Nor is it surprising that the faidlity of effecjtiiig a first cross, 
the fin-tility of liy]>n<is produced from it, and the caj)acity of 
being grafted together—though tliis latter capacity evidently 
dejicndH on widely different eircuinHtaius‘8—-should all nin to a 
certain extent parallel with the systematic affinity of the forms 
which are .subjected to (fxperimont; for .systematic affinity 
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attempts to express all kinds ol resemlblaiice between all 
species. 

“First crosses between Ibrms known to be varieties, or 
snlficiently alike to be considered as varieties, and tlieir mon¬ 
grel offspring, are very generally, but not quite universally, 
fertile FTor is this nearly general and perfect fertility sur¬ 
prising, when we remember how liable we are to argue in a 
circle with respect to varieties in a state of Nature ; and when 
we remember that the greater number of varieties have been 
produced under domestication by the selection of mere external 
differences, and not of differences in the reproductive system. 
In all other respects, excluding fertility, there is a close general 
resemblance between hybrids and mongi'els.”—Pp. 276—8. 

We fully agree ^yitll tlie general tenor of this 
weighty passage; but forcible as are these argu¬ 
ments, and little as the value of fertility or 
infertility as a test of species may be, it must not 
be forgotten that the really important fact, so far 
as the inquiry into the origin of species goes, is, 
that there are such things in Nature as groups of 
animals and of plants, the members of which are in¬ 
capable of fertile union with those of other groups; 
and that there are such things as hybrids, whicli 
are absolutely sterile when crossed with other 
hybrids. For, if such phsenomena as these were 
exhibited by only two of those assemblages of 
living objects, to which the name of species 
(whether it he used in its physiological or in its 
morphological sense) is given, it would have to be 
accounted for by any theory of the origin of 
species, and every theory which could not account 
for it would be, so far, imperfect. 

VOL. IX E 
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U]) to this point, we have been dealing with 
matters of fact, and the statements which we 
have laid before the reader wonld, to the best of 
our knowledge, be admitted to contain a fair 
exposition of what is at present known respecting 
the essential properties of species, by all who 
have studied the question. And whatever may 
be his theoretical vio^vs, no naturalist will prob¬ 
ably be dis2')()sed to demur to the following 
suiuinary of that exposition:— 

Living beings, whether animals or plants, are 
divisible into multitude's of distinctly definable 
kinds, which are morphological species. They are 
also divisible into groups of iudividuals, which 
breed freely together, tcnidhig to reproduce their 
like, and are i)hysioIogi(;al species. Normally 
resend)ling their panmts, the oftsj)ring of members 
of tli.<‘sti siHioies are still liable to vary; and the 
variation may htt piirpotuated by selection, as a 
race, whicdi race, in many cases, jiresents all the 
chara<iteristics of a morpliologieal siiecies. But 
it is not as y(‘t proved that a race ever exhibits, 
when crossed with another race of the same 
speci<?s, those phamomeua of hybridisation which 
arc exhibited by many species when crosscid with 
oilier species. On the other hand, not only is it 
not ])rov(‘cl that all species give rise to hybrids 
infintile hiico^ ne, but there is much reason to 
believe that, in crossing, Rpocios exhibit every 
gradation from perfect sterility to perfect fertility. 
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Such arc the most essential characteristics of 
species. Even were man not one of them—a 
member of the same system and subject to the 
same laws—the question of their origin, their 
causal connexion, that is, with the other phieno- 
mena of the universe, must have attracted his 
attention, as soon as his intelligence had raised 
itself above the level of his daily wants. 

Indeed history relates that such was the case, 
and has embalmed for us the speculations upon 
the origin of living beings, which were among the 
earliest products of the dawning intellectual activity 
of man. In those early days positive knoAvledge 
was not to be had, but the craving after it needed, 
at all hazards, to be satisfied, and according to the 
country, or the turn of thought, of the speculator, 
the suggestion that all living things arose from the 
mud of the Nile, from a primeval egg, or from some 
more anthropomorphic agency, afforded a sufficient 
resting-place for his curiosity. The myths of 
Paganism are as dead as Osiris or Zeus, and the 
man who should revive them, in opposition to the 
knowledge of dur time, would be justly laughed to 
scorn; but the coeval imaginations current among 
the rude inhabitants of Palestine, recorded by 
writers whose very name and age are admitted by 
every scholar to be unknown, have unfortunately 
not yet shared their fate, but, even at this day, are 
regarded by nine-tenths of the civilised world as 
the authoritative standard of fact and the criterion 

E 2 
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of iliG justice of Hcioiitilic conclusions, in all tluit 
relates to the origin of things, and, among them, 
of species. In this nineteenth century, as at the 
dawn of modern physical science, the cosmogony 
of the semi-barbarous Hebrew is tbe incubus of 
the philosopher and the opprobrium of the ortho¬ 
dox, Wlio shall number the patient and earnest 
seekers after truth, from the days of Galileo until 
now, whos(^ lives liavo been embittered and their 
good name blasted by the niistakon zeal of Biblio¬ 
laters? Who sliall count the host of wcaikcr men 
whosci sense of truth has Ix^en <lestr(^yed in the effort 
to liannouisii impossibilities—whose jif<j has been 
wasUal in the attempt to lor<*e th(j generous new 
wine of Seitaice into the old bottkvs of JmLaism,com¬ 
pelled hy the ouhjry of the same strong party ? 

Jt is tnu^that ifphilosoplnu’s have suffered, their 
cause has h(‘(‘n amply ave.ng(*d. Extinguish(‘d 
tlieologhuis lie al)out th(f cradle of every science as 
1/hti si.ranglcd suakos beside that of Henailes ; and 
history ivtcords that wlnmciViT sci(‘n(i<3 and ortho¬ 
doxy have b(i(‘iii fairly opposed, th(3 latter has been 
forced to retire frojn the lists, hleedlngaml crushed 
if not aunihilated; scotclujd, if not slain. But 
orthodoxy is the Boiirlxu) oftluj world of thought. 
It h^arns not, mfither can it forget; and though, 
at piassent, })ewildered and afrai<l to move, it is as 
willing as ever to insist that the first chapter of 
Genesis contains the Ixiginning and the end of 
sound science; and to visit, with such petty 
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thunderbolts as its half-paralysed hands can liurl, 
those who refuse to degrade Nature to the level of 
primitive Judaism. 

Philosophers, on the other hand, have no such 
aggressive tendencies. With eyes fixed on the 
noble goal to which per aspera et ardua they 
tend, they may, now and then, be stirred to 
momentary wrath by the unnecessary obstacles 
with which the ignorant, or the malicious, encum¬ 
ber, if they cannot bar, the difficult path; but why 
should their souls be deeply vexed ? The majesty 
of Fact is on their side, and the elemental forces 
of Nature are working for them. Not a star comes 
to the meridian at its calculated time but testifies 
to the justice of their methods—their beliefs are 
“ one with the falling rain and with the growing 
corn/’ By doubt they are established, and open 
inquiry is their bosom friend. Such men have no 
fear of traditions however venerable, and no respect 
for them when they become mischievous and 
obstructive; but they have better than mere anti¬ 
quarian business in hand, and if dogmas, which 
ought to be fossil but are not, are not forced upon 
their notice, they are too happy to treat them as 
non-existent. 

The hypotheses respecting the origin of species 
which profess to stand upon a scientific basis, and, 
as such, alone demand serious attention, are of two 
kinds, The one^ the ‘‘ special creation ” hypothesis. 
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Iircsuines every spocii^H to have originated from one 
or more stocks, these not being the result of the 
modification of any other form of living matter—or 
arising l)y natural agencies—but being produced, 
as such, by a supernatural creative act. 

The oth(ir, the so-called transmutation'' 
liypothesis, cf>nsi<l(TS that all existing species are 
tlio result of the modification of pre-existing 
spjcios, an<l those of their predecessors, by agencies 
similar to those 'which at the jmisoiit day jiroduce 
varieties and ra(‘(‘S, and th(nvfor(*, in an altog<‘thor 
natural way; and it is a prohahh^, though not a 
necessary consetpuuicci of this hypothesis, that all 
living beings liavcj ariscui from a single stock. 
With v<‘Speet to th(‘ origin of Ihis primitive stock, 
or stocks, the dociriiu^ of tlui origin of species is 
obviously not nectissarily (*,oncern<‘d. The traris- 
mutaiiou ll[y))otht^sis, for example, is ])erfectly 
consistmit (ufchor with (he conception of a special 
cri‘.ation of ihe primiim^ genu, or -with the 
supposition of its having ariscui, as a moditication 
of iaorgani(i matter, by natural causes, 

Th(i (loctrimj of s]H‘<aal cr(‘atiou ow('-s it,s exist- 
<uice v<uy larg(‘ly to tlui sujiposed n(‘C(^ssit.y of 
making semau^ij a('(Jord with tins Hebrew cos¬ 
mogony; Imt it is (sirious 1-0 obHerv<4 that, as the 
doiirine is at present maiutaine<l by men of 
sci<‘nct^, it is as hojich^ssly inconsisUmt with the 
ll(‘br(»w view as any otlu^r Iiypothesis. 

If there be any result whicli has come more 
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clearly out of geological investigation than another, 
it is, that the vast series of extinct animals and 
plants is not divisible, as it was once supposed to 
be, into distinct groups, separated by sharply- 
marked boundaries. There are no great gulfs 
between epochs and formations—no successive 
periods marked by the appearance of plants, of 
water animals, and of land animals, cn masse. 
Every year adds to the list of links between 
what the older geologists supposed to be widely 
separated epochs: witness the crags linking the 
drift with older tertiaries; the Maestricht beds 
linking the tertiaries with the chalk; the St. 
Cassian beds exhibiting an abundant fauna of 
mixed mesozoic and paloeozoic types, in rocks of an 
epoch once supposed to be eminently poor in life; 
witness, lastly, the incessant disputes as to whether 
a given stratum shall be reckoned devonian or 
carboniferous, silurian or devonian, cainbrian or 
Silurian. 

This truth is further illustrated in a most 
interesting manner by the impartial and highly 
competent testimony of M. Pictet, from whose 
calculations of what percentage of the genera of 
animals, existing in any formation, lived during 
the preceding foirmation, it results that in no case 
is the iDrojiortion less than one-third^ or 33 per 
cent. It is the triassic formation, or the com¬ 
mencement of the mesozoic epoch, which has 
received the smallest inheritance from preceding 
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ages. The other formations not uncommonly 
exhibit 60, 80, or even 94 per cent, of genera in 
common with those whose remains arc imbedded 
in tlicir predecessor. Not only is this time, but 
the subdivisions of each formation exhibit now 
species characteristic of, nnd found only in, them ; 
and, in many cases, as in tlie lias for example, the 
separate btuls of tbeso subdivisions are distin- 
guislied by well-marked and peculiar forms of life. 
A se(‘diou, a hundred feet thick, will exhibit, at 
dififereut heights, a dozen species of ammonite, 
lione of which passes k‘.yond its particular zone 
of limestone, or clay, into the zone below it or into 
that above it; so that those who adopt the doc¬ 
trine of S|)e<ual ensation mast bo prepared to admit, 
that at intervals of time, corrcs]>onding with the 
thickness of these In^ds, ilie Creator iliought lit 
to interfere with the natural course of (iveuts for 
the purpose of making a new ammonite. It is 
not easy to transplant oneself into the frame of 
mind of those who can aermpt such a conclusion 
as this, on any evidence short of absolute demon¬ 
stration; and it is diflScult to wliat is to be 
gained by Sf> doing, since, as \v(^ have said, it is 
obvious that; such a view of tlu^ origin of living 
bisings is utUrly opposiid to the Hebnnv cos¬ 
mogony. l)<^s<rving no aid from tluj powerful 
arm of l^ibliolatry, then, does tlui rooeiv(id form of 
the hypothesis of special creation derive any 
support, from science sound logic ? Assuredljr 
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not mucli. The arguments brought forward in its 
favour all take one form: If species were not 
supernaturally created, we cannot understand the 
facts Xj or jf, or z; we cannot understand the 
structure of animals or plants, unless we suppose 
they were contrived for special ends; we cannot 
understand the structure of the eye, except by 
supposing it to have been made to see with; we 
cannot understand instincts, unless we suppose 
animals to have been miraculously endowed with 
them. 

As a question of dialectics, it must be admitted 
that this sort of l easoning is not very formidable 
to those who arc not to be frightened by conse¬ 
quences. It is an argiLmentum ad ignorantiam — 
take this explanation or be ignorant. But suppose 
we prefer to admit our ignorance rather than 
adopt a hypothesis at variance with all the teach¬ 
ings of Nature ? Or, suppose for a moment wo 
admit the explanation, and then seriously ask 
ourselves how much the wiser are we; what does 
the explanation explain 1 Is it any more than a 
grandiloquent way of announcing the fact, that we 
really know nothing about the matter ? A 
phsenomenon is explained when it is shown to be 
a case of some general law of Nature; but the 
supernatural interposition of the Creator can, by 
the nature of the case, exemplify no law, and if 
species have really arisen in this way, it is absurd 
to attempt to discuss their origin. 
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Or, lastly, let us ask ourselves wlietlicr any 
amount of evidence wliich tlie nature of our 
faculties permits us to a,ttain, can justify us in 
asserting that any plaeiiomenon is out of the reach 
of natural cauvsation. To this end it is obviously 
necessary that wo should know all the con¬ 
sequences tt> which all ])OSsil)lo combinations, 
coiiiinucid through unlimited tinu^., can give rise. 
If w(^ kn<‘W theses, and found none competent to 
origiuahi spiuaes, we should havt‘, good ground for 
<h‘uyirig tlunr origin by iia,tural causation. Till 
wo know th<un, any hypotla^sis is be.tter than one 
which inv(»lvos us in such miserable presumption. 

Jhit tlu‘. hy])oi.hesis of sp(‘(aa] creation is not 
only a m(U*e spt‘(^ious nia.sk for our ignorance; its 
in l»iology marks th(^ yoiiih and imper- 
fe.c‘.tiou of the s(aoiic.e. For what is tlui histoiy of 
ovtay sch‘nce ])ut tlu’: history of tlui elimination 
oF th<‘- Jiotion of (‘n‘ativt‘., or oUht inbu’fiirences, 
witli ili(j natura,! onhu- of tlu*. {)hainonu}t]ia which 
ar('. tli(^ subjo(d*-iiiatt(*r of lha.t schuice? When 
Astronomy was young ‘Mh(‘, morning stars sang 
togedh(*r f<»r joy,'’ and tlu'. ]»1an<d.s were guided 
ill th(‘ir <u)urst‘.s by (uhistial hands. Now, the 
lianuony of Uh^ stars lia-s r<‘solvud itself into 
gravitation according to the invm’Sii sipiares of the 
distaiuu‘S, anil the orbits of tlu^ phuuds are dedu- 
cibltt from the. laws of the for(U‘S which allow a 
H<jh()olboyV stonci to bniak a window. The light¬ 
ning was the angel of the Lord; but it has pleased 
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Providence, in these modern times, that science 
should make it the humble messenger of 3nan, and 
•we know that every flash that shimmers about 
the horizon on a summer s evening is determined 
by ascertainable conditions, and that its direction 
and brightness might, if our knowledge of these 
were great enough, have been calculated. 

The solvency of great mercantile companies 
rests on the validity of the laws wliich liave been 
ascertained to govern the seeming iiTOgularity of 
that human life which the moralist bewails as the 
most uncertain of tilings ; plague, pestilence, and 
famine are admitted, by all but fools, to bo the 
natural result of causes for the most part fully 
within human control, and not the unavoidable 
tortures inflicted by wrathful Omnipotence upon 
His helpless handiwork. 

Harmonious order governing eternally continu- 
ous pi'ogress—the web and woof of matter and 
force interweaving by slow degrees, without a 
broken thread, that veil which lies between us 
and the Infinite—that universe which alone wo 
know or can know; such is the picture which 
science draws of the world, and in proportion as 
any part of that picture is in unison with the rest, 
so may we feel suro that it is rightly painted. 
Shall Biology alone remain out of harmony with 
her sister sciences ? 

Such arguments against the hypothesis of the 
direct creation of species as these are plainly 
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enough deducible from general considerations; but 
there are, in addition, pliasnomena exhibited by 
species themselves, and yet not so much a part of 
tlicir very essence as to have rccjuircd earlier 
mention, which arc in the highest dcgi’ec per¬ 
plexing, if wo adopt the popularly accepted 
liyi)otliesis. Such arc the facets of distribution in 
space and in time; the singular pluenomena 
lu'ouglit to light by tlic study of devi^lopment; 
tli(j siniotural relations of species ui)ou which our 
syst(uns of classifi(*,ation are founded; the great 
doctrin(‘,s of jdiilosopliical anatomy, sucli as 
that of homology, or of the community of 
slruciural i)laH cxlul)ited by larg<i groups of 
sp(?cies differing very widely in tlum* habits and 
functions. 

The species of animals which inhabit the sea on 
opposihj sides of the isthmus of Panama are 
wliolly distinct; ^ the anhnaJs and ]>Iants which 
inhabit islands ani commonly distinct from those 
the neighbouring mahilauds, and y(‘-t have a 
similarity of aspect. The mammals of the latest 
tcjrtiary epoch in the Old and Now Worlds belong 
to the saiiKi gtUKjra, or family groups, as those 
which now inhabit the same gn^at geographical 
a.r(‘a. The crocodilian n^ptllcis whicli exisbjd in the 
earliest secomlary ojKxdi were similar in goiuTal 
structure to tliosc^ now living, }>ut <;xliibit slight 

* lend to «lio'.v that thi« Htutcmwt ia 

wot .strictly uc<airatf‘.* -1870. 
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differences in their vertebra}, nasal passages, and 
one or two other points. The guinea-pig has 
teeth which are shed before it is born, and hence 
can never subserve the masticatory purpose for 
which they seem contrived, and, in like manner, 
the female dugong has tusks which never cut the 
gum. All the members of the same great group 
run through similar conditions in their develop¬ 
ment, and all their parts, in the adult state, are 
arranged according to the same plan. Man is 
more like a gorilla than a gorilla is like a lemur. 
Such are a few, taken at random, among the 
multitudes of similar facts which modern research 
has established ; but when the student seeks for 
an explanation of them from the supporters of 
the received hypothesis of the origin of species, 
the reply he receives is, in substance, of Oriental 
simplicity and brevity—“Mashallah ! it so pleases 
God! There are different species on opposite 
sides of the isthmus of Panama, because they were 
created different on the two sides. The pliocene 
mammals are like the existing ones, because such 
was the plan of creation ; and we find rudimental 
organs and similarity of plan, because it has 
pleased the Creator to set before Himself a 
“ divine exemplar or archetype,*’ and to copy it in 
His works ; and somewhat ill, those who hold this 
view imply, in some of them. That such verbal 
hocus-pocus should be received as science will one 
day be regarded as evidence of the low state of 
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iutclligencG in tlic niueteonth century, just as 
we amuse ourselves witli tlic phrasecjlogy about 
Nature's abborr(Uico of a vacuum, wliorewith 
Torricellis compatriots wore satisfied to explaiii 
1 ho rise of water in a pump. And be it recol¬ 
lected tluit this sort (jf satisfaction works not only 
liogative but ]K)sitivo ill, by discouraging imiuiry, 
?uid so (hipriving man of the usufruct of one of the 
most fertile iiiids of liis great patrimony. Nature. 

The oljections to the doctrine of the origin of 
sp(i<u(^s by special creation whicdi have been 
dcLaili^d, must have oecurred, with more or less 
for(*c, to the mind of (W(n*y one who Inis seriously 
iuid ind(ip(‘nd(‘ntly cousiderl^d the su])j(*ct. It is 
therefons no woiuh^r that, from tinui to time, this 
]iypoHi(‘sis should hav(‘ Ixmui m<*i by <‘oiniter 
hypot h(*s<‘S, all Jts W(‘ll, and soimt bidi.ci* foundisl 
tlinji its(df; and it is curious to remark that tlu^ 
iuvimtors of tlui opposing vi<iwssecm to have been 
I(*d into them a-s mmdi by their kuowh‘dge of 
geology, as }>y th(‘ir acquaintances witli liiology. 
Jn fa<d, when the mind has on(‘o admitted the 
coiKu^ptiou of the gradual prodiuition of t]u‘ px*esent 
physi<^al state of our ghds^, liy natural caus(‘s 
op(*rating through long ages of time, it will be 
little disposi^d to allow that living beings have 
niad(i their appearamu^ in anotluu* way, and the 
speculations of I)e Mailhd and his siuicessors arc 
th(3 natural eompimnent of Scilla's demonstration 
of the true nature of fossils. 
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A contemporary of Newton and of Leibmt 2 , 
sharing therefore in the intellectual activity of the 
remarkable age which witnessed the birth of 
modern physical science, Benoit de Maillet spent 
a long life as a consular agent of the French Gov¬ 
ernment in various Mediterranean ports. For 
sixteen years, in fact, he held the office of Consul- 
General in Egypt, and the wonderful phaenomena 
offered by the valley of the Nile appear to have 
strongly impressed his mind, to have directed his 
attention to all facts of a similar order which came 
within his observation, and to have led him to 
speculate on the origin of the present condition of 
our globe and of its inhabitants. But, with all 
his ardour for science, De Maillet seems to have 
hesitated to publish views which, notwithstanding 
the ingenious attempts to reconcile them with the 
Hebrew hypothesis contained in the preface to 
Telliamed,” were hardly likely to be received 
with favour by his contemporaries. 

But a short time had elapsed since more than 
one of the great anatomists and physicists of the 
Italian school had paid dearly for their endeavoui's 
to dissipate some of the prevalent errors; and 
their illustrious pupil, Harvey, the founder of 
modern physiology, had not fared so well, in a 
country less oppressed by the benumbing in¬ 
fluences of theology, as to tempt any man to follow 
his example. Probably not uninfluenced by these 
considerations, his Catholic m^esty's Conshl- 



f)4 


THE ORIGIK OP SPECIES 


II 


(Uiiua-al for Egyj)fc kept liis tlioories to liimsclf 
tliron;^^hoiit a loii,ij ]He, for “ TelliaiiKMl,” the only 
scientitic \vork which is known to have proceeded 
from Ills j^en, was not printed till l 73 o, when its 
author liad roaclajd the ripe age of seventy-nine ; 
and though ])e Ahullitt lived three years longer, 
his hook was not given to tlui world before 17418. 
Kv(‘u Ihoii it was anouyuious to those who Avere 
no{, in the s<‘cret of the anagTanimatic character 
of its title; an<l thtj preface ati<l dedication are so 
wordtMl as, in case of iu‘C(^ssity, to give the printer 
a fair ( 4 iauce of falling back on the excuse that 
the work was intended for ,a himsjm 
The spectilations of tln^ su])positious Indian 
!;age, though (juite as sound as those of many a 
‘•Mosaic Ueology/’ which s(‘lls <iXC(iedingly well, 
havc‘ no groat vahuj if we. conshhir them by the 
light of nuHlern s<aence. I'he waters are supijosed 
to hav(‘ originally covennl tla^ whole globe; to 
havt^ <li‘poslted the ro<‘ky masses which compose 
its motmtains l)y pnau^sses <!omi)arable to those 
whudi urtt ntwv forming mud, sand, and shingle ; 
and thou to have gradually lowered their level, 
ItN'tviug ila^ spoils of iludr animal and vegetable 
inlialdtnats enilHsldtui in the strata. As the dry 
land appeartsl, (‘i*riain of the mpiatitj animals are 
supposvul to have laktm to it, and to have become 
gnwlually atlapiijd to tiirrestrial and aerial modes 
of <^xistem!f‘. Btit if Ave n^gard the general tenor 
and style of tlu? nnisoning in rtdatiou to the state 
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of knowledge of the day, two circumstances 
appear very well worthy of remark. The first, 
that De Maillot had a notion of the modifiability 
of living forms (though without any precise 
information on the subject), and how such modi¬ 
fiability might account for the origin of species; 
the second, that he very clearly apprehended the 
great modem geological doctrine, so strongly 
insisted upon by Hutton, and so ably and 
comprehensively expounded by Lyell, that wo 
must look to existing causes for the explanation 
of i3ast geological events. Indeed, the following 
passage of the preface, in which De Maillet is 
supposed to speak of the Indian philosopher 
Telliamed, his alter ego, might have been written 
by the most philosophical uniformitarian of the 
present day:— 


‘ * Ce qii’il y a d'etoniiant, est <iue pour arriver h ces coiuiois- 
sances il senible avoir perverti rordro naturcl, puisqu’au lieu do 
s'attadier d’aborcl h, roclieudier I’origiue do notre globe il a 
commence par travailler a s'instruire do la nature. Mats h 
Tentendre, ce renversement do Tordre a ete pour lui Toffet d’un 
genie favorable qui Ta conduit pas a pas et comme par la main 
aux decouvertes les plus sublimes, C’est en decomposant la 
substance de ce globe par unc anatomic exacte do toutes ses 
parties qu’il a premierement appris de quelles matieres il etait 
compose ot quels arrangemens ces m6mes matieres observaient 
entre elles. Ces lumih'es jointes a Tesprit de comparaison 
toujours n^cessaire h quiconque entreprend de perccr les voiles 
dont la nature aiine h, sc caclier, out servi de guide h notre 
pbilosophe pour parvonir h des conuoissances plus interessantes. 
Par la matiere et ^arrangement de ces compositions il pretend 
VOL. IT F 
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General for Egypt kept his theories to liiinself 
throughout a long life, for Telliauie< 1/* the only 
scientific work which is known to have proceeded 
from his pen, was not printed till 1735, when its 
author had reached the ripe age of scventy-uinc ; 
and though De Maillet lived throe yeai's longer, 
his book was not given to the world before 1748. 
Even then it was anonymous to tho^je who wore 
not in the secret of the anagramniatic cluiractor 
of its title; and the preface and dedication are so 
worded as, in case of necessity, to give the ])riut('r 
a fair chance of falling back on the excuse tliat 
the work was intended for a more jeu 
The speculations of the sui3positious Iiulian 
sage, though quite as sound as those of many a 
'"Mosaic Geology,'' which sells exceedingly W(‘1I, 
have no great value if we consider tliem by the 
light of modern science. The waters are suppose<i 
to have originally covered the whole globe; to 
have deposited the rocky masses wliich compose 
its mountains by processes comparable to those 
which are now forming mud, sand, and shingle ; 
and then to have gradually lowered their level, 
leaving the spoils of their animal and vtsgetabhi 
inhabitants embedded in tlie strata. As the dry 
land appeared, certain of the aquatic animals are 
supposed to have taken to it, and to have become} 
gradually adapted to terrestrial and alhial modes 
of existence. But if we regard the general tenor 
and style of the reasoning in relation to the staU} 
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of knowlodgo of the day, tivo circumstances 
appear very well worthy of remark. The first, 
that De Maillct had a notion of the modifiability 
of living forms (though without any precise 
information on the subject), and liow such modi¬ 
fiability might account for tlio origin of sjjecies; 
the second, tliat he very clearly apprehended the 
groat modern geological doctrine, so strongly 
insisted upon by Hutton, and so ably and 
comprehensively expounded by Lyell, that we 
must look to existing causes for the explanation 
of past geological events. Indeed, the following 
passage of the pndiwjo, in which Do Maillot is 
suppos(ul to speak of the Indian philosopher 
Tclliamt‘d, his (dter ego, might liave been written 
by tlui most philosophical uni form i tar i an of the 
present day:— 


** C(^ y ii (I’t'loiuiajxt, okI (|U(i iKiur arrivur (jos coiinois- 
.saiu’CH il avoir pervorii I’onlro natun*!, ])iiis<pi’au li<ai <1(» 

H’atta<’lu*r (I’al^ord ii r(i(*li(‘r<*li(tr I’ongino do iiotre glolxs il a 
foniinciKit' par travaillor ii n'instniire d(j la nature. Mais a 
rontendre, c.o reuversemunt Tordro a ete pour lui TtifTct d’lin 
genie favoraldo (|ui Pa t oudnit pas ii jaivS <‘t coinme par la main 
au.x dik'.ouvortes Ics plus suldimes. O’est cn decomposant 3a 
suhstance do (jc gloUc par imc anatomic cxacte do ioutos ses 
parties <pi’il a prcmicrcmcnt appris do (picltis m{iti??res il (itait 
c'omposc (^t quels arraugomons cos menies maticres obsorvaient 
entre (dies. Cos lumiixrcs joiiitos a Tesprit do compaiaison 
toujours necCHsairo ii quiconquo entrcju'cnd <lt» porcor les voiles 
dont la nature aiuio k s<^ caeduir, out servi do guide h, notre 
philosophe. potir parvonir h, des coniioissancos plus int^ressantes. 
Far la matii*r<» ot JWangemont de ces compositions il pretend 
VOL. rr F 
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avoir rcconiiu qucllo cst la V(jrita])lo orijL,ano ilcco /:^Io]»c qiit! iu)Ub 
habitons, cominont ct par qni il a etc fonue.”—Pp. six. xx. 

But De Maillet was before Ids ago, a.iid as could 
hardly fail to happen to one who spcculatiKl oii a, 
zoological and botanical question before Liuiiaais, 
and on a physiological problem before Haller, lie 
fell into great errors here and fchero; aiid h<‘nc<^, 
perhaps, the general neglect of Ids woi'k. Kohiuel/s 
speculations are rather beliind, than iu advance 
of, those of Do Maillot; and thongli Linnu'us 
may have played with tlic hyi>othesis of (,rans- 
mutation, it obtained no serious support until 
Lamarck adopted it, and advocated it with great 
ability in his “Philosoiddc Zoologiquc^/' 

Impelled towards the hypothesis of tluj 
transmutation of species, ])artiy by his general 
cosmological and geological views; pjirtly by ihci 
conception of a graduated, though irregulu-rly 
branching, scale of being, wliich had ari.s(‘u out of 
his profound study of plants and of tiu*. lower 
forms of animal life, Lamarck, whoso geiKTal liii<‘ 
of thought often closely resembles tliat of .!)({ 
Maillet, made a groat advance upon thci anulo 
and merely speculative manner in wliicli that wrihT 
deals with the question of the origin of Jiving 
beings, by endeavouring to find ])liysical (‘.aus(‘s 
competent to effect that change of one sp<‘cieH 
into another, which Do Mailhd had only supposeni 
to occiir. And Lamarck conceived that ho liad 
found iu Nature such causes, aini)Iy suflicieut for 
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tlio iHirposc in view. It is a pliysiological fact, 1 
ho says, that organs arc increased in size by 
action, atrophied by inaction; it is another 
physiological fact that modifications produced are 
transmissible to offspring. Change the actions of 
an animal, therefore, and you will change its 
structure, by increasing the dovoloj)ment of the 
parts newly brought into use and by the diminu¬ 
tion of those less used; but by altering the 
circumstances which surround it you will alter its 
actions, and hence, in the long run, change of 
circumstance must produce change of organisation. 
All the species of animals, therefore, are, in 
Lamarck’s view, the result of the indirect action 
of changes of circumstance, upon those primitive 
germs which ho considered to have originally 
arisen, by spontaneous generation, within the 
waters of the globe. It is curious, however, that 
Lamarck shoidd insist so strongly ^ as ho has done, 
that circumstances never in any degree directly 
modify tlic form or the organisation of animals, 
but only operate by changing their wants and 
consofinently their actions; for ho thereby brings 
upon himself the obvious question. How, then, do 
plants, which cannot bo said to have wants or 
actions, become modified? To this ho rephes, 
that thciy are modified by the changes in their 
nutritive processes, which arc effected by changing 
circumstances; and it does not seem to have 

^ kSoo ?h il, Zoologique^ vol. i. p. 222, ct seq, 

F 2 
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occurred to liim tliat such changes might ho as 
well supposed to take place among animals. 

When we have said tlnat Lamarck felt that 
mere speculation was not the way to arrive at tlie 
origin of species, but that it was necessary, in 
order to the ostablishmciit (yf any sound theory 
on the subject, to (liscover by observation or 
otherwise, some trra emm, competent i-o giv(^ rise 
to them; that he affirmed the true onhr of 
classificatio3i to coimiide with tlio onhu* of their 
development one from anotluT; tliat h(3 insisie<l 
on tlio necessity of alhnviug suffici(‘ut tinu',, V(‘ry 
strongly; and that all th('. varieties of instinct a.n<l 
reason were traced hack by him iu the same, 
cause as that which has given rise to spcicies, wt^ 
liavo enumeratijd his cliief oontrilaitions to tl]<i 
advance of the ([uestion. On ilio other 
from his ignoraiuio of any ])ow(r in Naf.ur<‘, 
competent to modify the stnictuni of animals, 
except the d(wcIopmeut of parts, or alropliy of 
them, in cons(Kiu(mco of a change of net^ds, 
Lamarck was led to attach inhuitely greai.{*r 
weight than it deserves to this agency, and the 
absurdities into which ho was led have nuit wiiJi 
deserved condemnation. Of the struggle for 
existence, on which, avS wo shall see, Mr. Darwin 
lays such groat stress, he had no conec^ption ; 
indeed, he doubts whether tlienj really are, such 
things as extinct spcci(‘s, unless tln^y be sinffi large? 
animals as may have met thenr d(‘atli at the? 
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IkhhIs of Hiaii; and so littlo does lio dream of 
there l)eing any other dcstrnctive causes at work^ 
tliat, in discussing the possible existence of fossil 
shells, he asks, ^^Pour(|U(>i d'ailleurs seroient-ils 
p(Tdu(iS des quo rhoinme n’a pu operor leur 
destruction C Phil. Z(>oL” vol. i. p. 77.) Of 
the influeucci of scdectiou Lamarck lias as little 
notion, and he makes no use of the wonderful 
phauiomena which are exliibited by domesticated 
animals, and illustrate its jiowers. The vast 
inllu(iiK!e of (Juvi(‘r was employed against the 
Lanian^kian vi(‘ws, and, as the untenability of 
soine‘ of bis <ion<‘,lusions was easily shown, his 
(lo<‘tnu(‘S sank uu<lm* the ojijirobrium of scicmtiiie, 
as w<‘ll as of theological, het(‘rodoxy. Nor have 
tlie (‘tlbrts mmhi of lahi yi^'irs to nwive them 
teiubul to re-establish tluur creilit in tlH‘ minds of 
sound thluk(‘rs a<*i|uainted with th<i facts of the 
caso; indei‘(l it may Ixi (Ioubt(‘d wIuH.Iht liamarck 
has not suffensl more from his friends than from 
liis foes. 

Two years ago, in fact, though we vi^ntun*. to 
(|U(*stion if even the strongest support its of tlui 
sp(‘(hd ensatiou hypothesis had not, now and tlnm, 
an nnt^asy cons(‘iousncsH that all was not right, 
their position scHtmed more impngnahkt than (»V(^r, 
if not by its own inlu*rent siinmgth, at any ratisby 
the obvious failun^ of all the aUemjits which had 
hwi mad(t to cany it. On tlui otluT hand, how¬ 
ever mu(;h the* few, who thuuglit (hM‘ply on the 
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question of species, niiglit bo ro 2 )olle<l l>y llir 
generiilly received dogiatis, tla^y saw no way of 
escaping from tliem save by the adoption <»f 
suppositions so little justified by expiadnumt 
or by observation as to be at least (*(pially dis¬ 
tasteful. 

The choice lay betAveea two aixsurdifios and a, 
middle condition of uneasy scepticism; which 
last, however unpleasant atid unsiitisfiictory, wjis 
obviously the only justifiable state of mind 
under the circumstances* 

Such being tbc general ferment in iln^ mimis of 
natiu’alists, it is no wonder that tlu?y mustered 
strong in the rooms of the Linnufau Ho<‘ieiy, (ui 
the 1st of July of the year l85tS, to lusar t.w<» 
papers hy authors living on oj^posite sidt^s of the 
globe, working out their results ind(‘p<*ndenfiv% 
and yet 2 )rofessing to have dis<!overed om^ and tla* 
same solution of all the problmns eonm*e,ted with 
si)ccies. The one of those authors was an al»!o 
naturalist, Mr. Wallace, who had beiui tauployed 
for some years in studying the productions of ihn 
islands of the Indian Archipelago^ and who htu\ 
forwarded a memoir embodying his vi(jws to Mr. 
Darwin,for communication to the Jimuean S(K*iety. 
On perusing the essay, Mr. Darwin was not a little 
surprised to find that it embodied s<uue of the 
leading ideas of a great work which he liad l)een 
preparing for twenty years, a,ml parts of which, 
containhig a development of iliv, vtuy sume, views, 
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liful ]M*nist‘<l l>y his privaii* iVieiuls lift(‘cu or 
sixi.cou y(t;»rs l><,‘ron\ Porploxi‘d in wliat inauuor 
lo<l<> full jusiiro both to his friotih and to himsolf; 
Mr. Darwin j>lao(Ml the luaiior in Iho hands of 
Dr, Hook(‘rand Kirdharlos Lyolbby whoso advice 
(^oianiuuicated a brief absi ned, of his own views 
to th<i Linnjean Hoititdy, at the same time that 
Mr, Wallace’s paper was read. Of that a])stract, 
tlnj work on the ** Origin of Sp(‘<a(*s ” isaueularge" 
immt; but a complete stateimmt of Mr. Darwin’s 
dotdrimi is looktul for in the largt^ and well- 
illustrat(‘(l work whi<;h lie is said to he preparing 
for pnbli(%‘dion. 

The l)a,rwinian liy|)oih<‘sis lias the merit of 
Ixeng eminently simi^hi and (jom[>r(‘h<‘nsih!o in 
prineiple.and its f*sstmtial jxisitions may be stated 
in a very few W(>rds; all spe(‘ii‘H have 1 k*(*u pro- 
(lueod by th(^ (l(‘velopment of vari(‘,ties from 
common stocks; by tin* convm'sion of tluiSii, first 
into pernnuH‘nt» races and thmi into nt^w species, 
liy the pro<u‘Ss of /((fivral ^whrlwn, which ]irocess 
is essmiiially idimii(*al with that artiiuhil selmition 
by which man has originattnl Uic races of domestic 
animals—tins dnnjfilc^ fur eridmm taking the 
ptaiui of man, and exi^riing, in the case of natural 
selc(*tion, that S(h‘(dive action which he p(‘rforms 
in artithhd std4‘ction. 

Tlie evidmuie brought forward by Mr. Darwin in 
support of his hypoilH^sis is of thre<? kinds. First, 
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110 cudcavonrs to prove that speei(‘s jaay h<* 
originated by selection; secondly, he ntteuipis iu 
show that natural causes arc <^om}K‘,l<‘.nt to (‘xert 
selection; and thirdly, ho tries to provts Ihiit ihe 
most remarkable an<l apparently anoiualutis 
plnenomena exhibited by tlu‘ <listrihuiiMii, 
development, and mutual relations of species, 
can be shown to be d(‘duci]>lo from th(‘ gene.nil 
docti'me of their origin, which ho propounds, 
combined with the known facts cd* geclogits'd 
change; and that, oven if all th(‘S(i jhieuomena 
arc not at present c^xjdicablc^ by it, none* are 
necessarily inconsistemt with li. 

There cannot l)o a doubt that tlui method 
iiupiiry which Mr, Darwin has adopf(‘d is not only 
rigorously in accordance with tint canon.; of 
scientific logic, Imt that it is the cnily adequate 
method. Critics exudusivedy train(‘d in eiassies or 

111 mathoinatics, wlio hav(^ never d<*fenuined a 
scientific fact in thciir Iiv(‘H by induction Innii 
cxporiinent or ohservation, prate leanH‘dly alnad 
Mr. Darwin's nuitliod, which is md inductile 
cnongli, not Ba(;onian enough, forsooth, for tiiein, 
But evcni if ])ractical a(i(jua.intmn'(i with the proeeM*, 
of scientific investigation isd(uii<Nl iluun, they may 
learn, by the pcjrusal of Mr. Mills admirahh* 
chapter On the Deductive^ Method,** that there 
are multitudes of S(U(tntific liujuiricH in vvldf*h the 
method of ]mrc, induction hcljm the Investigator 
but a v(*ry little way. 
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"‘Tin? of says Mr. Mill, *‘whirh, from 

tho i>rovt*d iiiap]>li<;ability of <Urcct mt*tho<ls of observation and 
oxiHiriiaent, remaiiH to ns as tlu* main source of tlic knowledge 
we pn.N*»ess, or crui actjuire, rtspecting the conditions and laws of 
recurrence of tln^ nuire c,omjd(*x ]dnenomena, is called, in its 
in(*st general expr<*.ssion, the deductive method, and consists of 
threi* ojKTations: the hrst, one of direct induction ; the second, 
of ratiocination ; and the third, of verification.” 

Now, tho conditions wliich have determined the 
existcduHi of species are not only exceedingly com- 
Init, so far as the great nnijority of them are 
(•oncoriKid, are noccissjirily Ixjyond our cognisance. 
But what Ah*. Darwin lias atlemptinl to do is in 
(‘xa<*.t ac<Mmlanc(‘ with ih(^ rule laitl down l)y Air. 
Mill; hi‘ has cui(l(‘a,vonn‘d to detenninti certain 
groat facts in(lu<*tivi‘ly, hy observation and lixperi- 
nioiit; ho has tlu^u n‘ason(Kl from the data thus 
furnishtul; ami lastly, h<‘ has tostml the validity of 
his ratio(‘inaiion liy oomparing Ids ileductions with 
the ohsorvod laets of Nature, Inductively, Mr. i 
Darwin <‘ndoavours to provi^ that specios arises in 
a giv<‘n way, Do<Iuetivc‘ly, he dosinss to show 
that, if thoy arise in that way, the facts of distri¬ 
bution, <li‘V<‘lopnio.nt, <*lassilieatioii, may be 
aoiuauitoil for,'/.r, may be deduced from tluurmode 
of origin, <Haul>int‘d wdth admittiul changes in 
phyHi<‘al ge.ography a.nd climate^ during an inde- 
finitt^ jKd‘io<i, And this (explanation, or coiiici- 
douce of obstrvi^d with d(‘duc<Ml facts, is, so far os 
it axt(*nds, a V(‘rifu:ation of tlui Darwinian view. 

Then* is no fault to be found with Air Darwin’s 
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method, tlicn; but it is another (juestion w]H‘tli<s‘ 
ho has fulfilled all the conditions imj)o,si‘.d l)y that 
method. Is it satisfactorily proved, in fact, (Juit 
species may be originated by selection ? that thon* 
is such a thing as natural selection ? tliat none 
of the phseiiomena exhibited by species anj incon¬ 
sistent with the origin of speci<\s in tliis way ? If 
these questions can be answoriid in thcafHnnativ(% 
Mr. Darwin's view stops out of* the rank of hypo¬ 
theses into those of proved tlioories; l)ui, so long 
as the evidence at present adduced falls short of 
enforcing that affirmation, so long, to our minds, 
must the new doctrine bo content tonuuain among 
the former—an extremely valuable, and in the 
highest degree probalde, doctriiu^, indeed th(^ only 
extant hypothesis which is worth anything in a 
scientific point of view; but still a liy])otheHis, and 
not yet the theory of si)C‘C;ies. 

After much con.sidoration, mid \vii,h assun‘(lly 
no bias against Mr. Darwin's vi(wvs, it is our dear 
conviction that, as tlie evid(‘nc(j stands, it is not 
absolutely proven that a group <»!* animals, having 
all the cliaracters exliibiUul hy sj>(‘(ii( 5 S in Nature, 
has over been originated hy seh‘Ction, whefln*r 
artificial or natural Groups having tint imu’plm- 
logical character ofspecu^s—distinctand permuneui 
races in fact—have been so])ro<lu(jed overaml over 
again ; but tlierc isno]»ositiv(i c‘vi<IeiH;e,at presenl, 
that any group of animals has, by variatiiUi and 
selective breeding, given r\m Ut another group 
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whi^*]i was, even in tint (l(‘g'roo, infertile with 
th(i first. Mr. lJ>ar\viu is perfectly aware of this 
weak point, and brings forward a multitude of 
ingenious and important arguiiients to diminish 
the force of the objection. We admit the value of 
these arguments to their fullest extent; nay, wo 
will go so fa,r as to express our belief that experi¬ 
ments, oomlucted by a skilful physiologist, would very 
])robably obtain the desired production of mutually 
more or loss infiu'tilc breeds from a common stock, 
in a com]>aratively few years ; but still, as the case 
stands at ])rosent, this little rift witliin the lute” 
is not to 1)0 disguised nor ov<‘rlooked. 

In tlie V(unaind(ir of Mr, Darwin’s argument our 
own [)riva,ie ing<‘nuity has not liiirluu'io enabLid us 
to pii‘k holies of anygn^at im])oriance ; and judging 
by v\diat wo liea-r ami read, other advonturorB in 
the, same field do not seem to have been miicli 
more fortunalc*. Tt has betui tirged, for histamio, 
that in his clutpbws on tlui slriigglc for (existence 
ami on natural selociion, Mr. Darwin does not so 
mu<*h [)rove tiiat nat-ural selection do<iS occur, as 
that it must occur; but, in fact, no otlier sort of 
demonstration is attainabh^ A ra<‘(i <1 o(^b not 
attract our attention in Nature until it has, in all 
probability, oxisU^d for a considerable time, and 
th<m it is too labi to inquins into the conditions of 
its origin. Again, it is said that there is no real 
analogy beiw(*(m the sidtK^tion which takes place 
under domestication, by human influence, and any 
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operation wliicli can be effected by Nature, for man 
interferes intelligently. Eeduced to its elciuouts, 
this argument implies that an effect prf>duced with 
trouble by an intelligent agent must, (ifoTtiori, }>e 
more troublesome, if not impossible, to an unin¬ 
telligent agent. Even putting aside the question 
whether Nature, acting as she does according to 
definite and invariable laws, can bo rightly called 
an unintelligent agent, such a 2 ^osition as this is 
wholly untenable. Mix salt and san<i, and it shall 
puzzle the wisest of men, with his mere liatural 
appliances, to separate all the grains of sand from 
all the grains of salt; but a shower of rain will 
effect the same object in ten minutes. And so, 
while man may find it tax all Ixis into]lig<‘n<*o to 
sejDarate any variety which arises, and to bn*od 
selectively from it, the destructive agomm^s intu^s- 
santly at work in Nature, if tlu^y find omj vaimdy 
to be more soluble in circumstances than tlui oilier, 
will inevitably, in the long run, eliminate it. 

A frequent anda just objection to tin*. Lamar(*kia.n 
hypothesis of the transmutation of sp(‘<U(‘.s is l)ase(l 
upon the absence of transitional forms h<‘iweeu 
many species. But against the Darwinian hyjio- 
thesis this argument has no force. fiidcMuI, uim of 
the most valuable and suggestive jairts of Mr, 
Darwin’s work is that in whi(ili lie jirovtis, that 
the frequent absence of transitions is a mnnsssary 
consequence of liis doctrine, and that tlm stock 
whence two or more sjiocies liav(^ sprung, n(*ed in 
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no respect bo intermediate between these species. 
If any two species liave arisen from a common 
stock in the same way as the carrier and the 
potiter, say, have arisen from the rock-pigeon, 
th(m the common stock of these two species need 
be no more iiitermediato between the two than 
the rock-pigeon is between the carrier and 
pouter. Clearly appreciate the force of this 
analogy, and all the arguments against the origin 
of species by selection, based on the absence of 
transitional forms, fall to tlie ground. Au<l Mr. 
Darwin’s ])Ositi()u might., wo think, have been 
ev(‘n strong(ir than it is if ho had not embarrassed 
idms(df with the aphorism, Naiura non facit 
m/Mno,'' which turns up so often in his pages. 
We believe, as wo have said above, that Nature 
{lo(‘S mak<i jumps now and then, arid a recognition 
<»f th(i fact is of no small importance in disposing 
of many minor olycctioris to the doctrine of trans- 
muiation. 

But we must pauses The discussion of Mr. 
Darwin’s argunumts in detail would lead us far 
Ixiyoiid the limits within which we proposed, at 
starting, to conlin(‘. this article. Our object has 
biHtn attained if we hav(i given an intelligible, 
how(ivor brief, account of the established facts 
oonrn^ctcjd with Hp<H*.ies, and of the relation of the 
<*x])lanatioH of those facts offered by Mr. Darwin to 
the the(^nd.i(’al views held by his predecessors and 
his oout(unp<>raries, ami, above all, to the require- 
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merits of scientific logic. We have ventured to 
point out that it does not, as yet, satisfy all those 
requirements; but we do not hesitate to assort 
that it is as superior to any preceding or con¬ 
temporary hypothesis, in the extent of observa¬ 
tional and experimental basis on which it rests, in 
its rigorously scientific method, and in its power of 
explaining biological phienomena, as was the 
hypothesis of Copernicus to the speculations of 
Ptolemy. But the planetary orbits turned out to 
bo not quite circular after all, and, grand as was 
the service Copernicus rendered to science, Kepler 
and Newton had to come after him. What if the 
orbit of Darwinism should be a little too circular ? 
What if species should offer residual phenomena, 
here and there, not explicable by natural selection ? 
Twenty years hence naturalists may bo in a 
position to say whether this is, or is not, the case ; 
but in either event they will owe the author of 
The Origin of Species an immense debt of 
gratitude. We should leave a very wrong im¬ 
pression on the reader's mind if we permitted him 
to suppose that the value of that work depends 
wholly on the ultimate justification of the 
theoretical views which it contains. On the con¬ 
trary, if they were disproved to-morrow, the book 
would still bo the best of its kind—^the most 
compendious statement of well-sifted facts bearing 
on the doctrine of species that has ever appeared. 
The chapters on Variation, on the Struggle for 
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Kxisicnco, on Iiistinci,, on Hybridism, on. 11 loImper¬ 
fection of the Geological Record, on Geographical 
Distribution, have not only no equals, but, so far 
as our knowledge goes, no competitors, within the 
range of biological literature. And viewed as a 
whole, we do not believe that., since the publica¬ 
tion ot Vun Baer’s “Researches on Development,” 
thirty years ago, any work has appeared calculated 
to exert .so largo an influence, not only on the 
future of Biology, but in extending the domination 
of Science over ri'gions of tliought into which she 
has, as yet, hardly penetrated. 
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1. UKUKH IHK DaUWIN’vSCHM SCHOPFUNGHTnEOllIE ; EIN 

V<)iiTUA<{, VON A. KoLiiiKEii. Leipzig, 1864. 

2. KXAMfN'ATION J>tJ lilVUK J>H M. DAIIWIN WR I/OrIGINE 

DKs Kspi'icEM, Par ]\ Fi^otJRENH. I'jiris, 1864. 

Tm l,h(M‘our.se f)f tlio ])res<‘Tit yca-r several foreign 
C(ymnM‘nta.r'u^s upon Mr. Darwin’s great work have 
innOt^. their a|>])ea.ranco. Tliosc who have perused 
tliat. r<‘niarkal)le chapter of the “Antiquity of 
Man,” in whi(jh Sir Charles Lyoll draws a parallel 
hc^twecni the (htvclopment of species and that of 
la-nguagt'K, will bo glad to hear that one of the 
most oannont philologers of Germany, Professor 
S(bli*i<;h<ir, has, independently, published a most 
inst.nic.tivci and philosophical pamphlet (an ex¬ 
cellent notice of which is to be found in the, 
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Reader, for February 27tli of this year) supporting 
similar views with all the weight of his special 
knowledge and established authority as a linguist. 
Professor Haeckel, to whom Schleicher addresses 
himself, previously took occasion, in his splendid 
nionograj)h on the Radiolaria} to express Ids high 
appreciation of, and general coiicordaiico witli, Mr. 
Darwin’s views. 

But the most elaborate criticisms of the Origin 
of Species'’ which have appeared are two works of 
very widely different merit, the one by Professoj* 
Kolliker, the well-known anatonusfc and histolo¬ 
gist of Wurzburg; the other by M. Flourens, 
Perpetual Secretary of the French Academy of 
Sciences. 

Professor Kidliker’s critical essay Upon tlie 
Darwinian Theory” is, like all that proce<uls from 
the pen of that thoughtful and accomplished 
writer, worthy of the most careful consi<leratiom 
It comprises a brief but clear skt^tcli of Darwin’s 
views, followed by an enumeration of the heading 
difSculties in the way of their a(;c(‘.ptan<u); diHi- 
culties which would appear to be insurmountable 
to Professor Kolliker, inasmuch as h<i proposes to 
replace Mr. Darwin’s Theory by one which he 
terms the “ Theory of Heterogeneous G(me.ratiom” 
We shall proceed to consider first the destructivtj, 
and secondly, the constructive ])ortion of the 
essay. 

^ Die JXmVwlfU'Ui),; cinn Mom(jra>phic, p. 2;U. 

YOU IT 0 
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Wo rcgrot- to find onrsclvcs coiupolled to dissent 
vc‘ry wid(ily from many of Professor Kolliker's 
remarks; and from iioikj more tlioronglily than 
from tliose in which he seeks to define wliat 
w<^ may U‘rm tin*. 2>hilosophical ])osition of Dar¬ 
winism. 

DiinM'u/’ ways Pr<»f(*ssor “is, in thafull<‘st st*nsc of 

iljt* wool, a Tt‘liM>lo«4;isl. H<* .says(|n{i(‘distiurtly (FirstEdition, 
pp. lOli, tiiat<*\Try partirailar in the slnnituro of an animal 
lias I (fail »*roat«Ml for it.a ixnndit, and lio r(‘"ards tlm whole series 
of animal ronns only fnnn this ]>uint of viawd* 

And again: 

“7* The toloohe^iral ^^em-ral euimn|it ion adopted hy Darwin 
is a mistaken one. 

“Varieties arise irrespetdively of the notion of jiurjuisn, or 
of ntility, aeeordiip/; to pmeral laws of Nature, and may he 
eitluM* tisefnl, or hurtful, or indiflereni. 

“The {iNsiimption that an or^unisin exists only on a<'eount of 
uouie deliiiile rml in view, and represents Konudhing more than 
the ineoiporalion «d' a;?eneral idea, or law, implies a oiuvsidcd 
e<ine**ption i»f llm itniverse. Assureilly, ev(*,ry orf^an has, and 
every oiv^animt fnHilii, ilsend, hut its jiurpose.is notthe condition 
of its existence. Ks'ery oiyaiiism is also sullieieiitly ])erre(jt for 
the purpo.se it ;;erv**H, and in that, at least, it is nselesM to seek 
fora cause of its iniproveiiumt.” 

li is singular Imw tlificrtudly one and th<^ Ka.in (3 
hnnk will impress dilfercnt minds. That winch 
struck ih(' prescul wrihu* must. funaWy <m his first 
p(*rusiil of th<‘'M)rigin of SptHUi's” was t-he com 
viction that. Teleology, as commonly uiidersi.ood, 
hail riUMUVisl its deaUihlow at Mr. Darwiids hitnds. 
Ft^r the t«‘l<‘oh)gi<‘a] arguim*ut runs thus; an organ 
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or organism (A) is precisely fitted to iierfonn a 
function or purpose (B); therefore it was specially 
constructed to perform that function. In Paloy’s 
famous illustration, the adaptatio]! of all the parts 
of the watch to the function, or purpose, of showing 
the time, is hold to he evidence that the watcli 
was specially contrived to that end; on the ground, 
that the only cause wo know of, competent to 
produce such an effect as a watch which sliall keep 
time, is a contriving intelligence adapting the 
means directly to that end. 

Suppose, however, that any one had been able 
to show that the watch liad notboemnadc dirc‘ctly 
by any person, but that it was the r(‘su]t of tlie 
modification of anotlior watch which kept time but 
poorly; and that this again had proceeded from a 
structure which could hardly bo called a watch 
at all—seeing that it had no figures on the dial 
and the hands were rudimentary; and that going 
back and back hi time we came at last to a, r(‘,- 
volving barrel as the earliest traceable rudinnnit 
of the whole fabric. And imagine that it laid 
been possible to show that all these changes 
had resulted, first, from a tendency of the structure 
to vary indefinitely; and secondly, from somotlnng 
in the surrounding world which helped all variations 
in the direction of an accurate timo-kcopor, and 
chocked all those in other directions; tluni it is 
obvious that tlio forc(^ of Pa,ley’s argument would 
be gone. For it would be dennoustrated tliat an 

a 2 
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apparatus tlioroaghly well adapted io a. ])ar<:i(Milar 
purpose miglit l)c the result of a niotliod of trial 
and error worked by uniutclligcnt agtaits, as w<‘Il 
as of the direct application of the means appro¬ 
priate to that end, by an intelligent /igeiit. 

Now it appears to ns that what wti ]»av<j bon*, 
for illustration’s sake, supposed to l)e done with 
the watch, is exactly wloit the (‘siablishnu^nt of 
Darwin’s Theory will do for the organic world. 
For the notion that every organism lias b(‘<m 
created as it is and launclied straiglit at a purpose*, 
Mr. Darwin substitutes the concopthm ofsoim*- 
thing which may fairly ho termed a imdhod of 
trial and error. Organisms vary incessantly; of 
those variations the few meet with surromiding 
conditions which suit them and thrive ; tin*, many 
are unsuited and b(?come extinguished. 

According to Teleology, each organism is like a 
rifle bullet fired straight at a jnark ; aci^onling in 
Darwin, organisms arc like gra])(*,shot of wliicli one 
hits something and the rest fall wide. 

For the tolcologist an organism (‘xists b(‘(*auHe 
it was made for the conditions in whieh it is found ; 
for the Darwinian an organism exists b(f<vuis(% out 
of many of its kind, it is the only oim which has 
been able to persist in the cojidii-ions in wliich it 
is found. 

Teleology implies that thc^ organs (*vf‘ry 
organism are perfect and cannot be improved ; the 
Darwinian th(3ory simply aftlrm.s that tlu^y work 
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%vt‘li (‘oongli to <‘iial)lo tli<j orgauisiu 1(> bold its 
own ugjuiisi su<*b c<>mpetitors as it Las luot with, 
but admits the possibility of iudefmit(j iiuprovo- 
meut. But an oxamj^lo may bring into cloar(‘r 
liglit tlui pr<»fouud opposition Ixitwotju tbo ordinary 
tt‘loologic;al, and tln^ J)arwiuiaTi, couceptiou. 

Oatscatcb mice, small birds and tbc lik(‘, very 
well. Teleology tells us that they do so because 
they wore expressly constructed for so doing—that 
they arc perfect imuising apparatuses, so peidect 
an<l so <lelicat(‘1y adjusted that no oiut of their or¬ 
gans could bi^ altered, witliout tbe<*hange involving 
tb<‘ alti'ration of all the n‘st Darwinism affirms 
on the c,ontrary, that then^ was no express con¬ 
struction <‘oiuHunied in the matter; but that among 
tluj multitudinous variations of tlui Feline stock, 
many of whi<‘b tlii^d out from want of power to 
resist o])pt>sing influeiKMjs, sonu^, the cats, went 
be.tter iiit(‘d to (‘ahdi mi(‘e than others, whence 
tluy throv<‘ and jhtsisUmI, in pro])oriion to the 
advantag*j ovutr their billows thus offtuMd ti) tluim. 

Far from imagining that eats tixist ifi. order to 
cat(‘!i micti well, Darwinism suppost^sihat eats exist 
they catch mi<se well—mousing being not 
th<i c‘nd, Init the <ion<lition, of their exisieiuje. And 
if tlm (’at type has long ptsrsisted as we know it, 
tlu5 interpretation of the facit upm Darwinian 
principles would be, not that the cats have re¬ 
mained invariable, but that such varieties as have 
iiHJessantly o<’<*um‘d have b(*(*m on the wht»le, less 
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fitted to got oil ill the worl^l than ilti*. evislijijjf 
stock. 

If we aj)preheiul tlic sj)irit (^f tlaj “ih‘igiu oi 
Species’* riglitly, then, nothing can ho mon* on- 
tirely and absolntely opjioscd to Tt‘h‘ol<^gy, as it is 
commonly imderstood, than th(^ Darwinian l^hoory. 
So far from being a '' Telcologistin Iho lullost sonst^ 
of the word/* we should deny tliat ho is a 
Teleologist in the ordinary senso at all; and 
should say that, apart from his iiuu’its as a na¬ 
turalist, he has rendered a most remarkalilo sorvioo 
to philosophical thought by enabling tho studoni 
of Nature to recognise, to th<*ir fullest extent, 
adaptations to purpose) which are so striking in the 
organic world, and which Telt‘ology hasdonognod 
service in keeping before our minds, wilhoui hetng 
false to the fundamouial ])riiicipl(*s of a Sideutilie 
conception of tlic universe. Tl)eaj)pa.nailly iliverg^ 
ing teachings of the Teleologist and of the Morpho ¬ 
logist arc reconciled hy the Darwinian hypothesis. 

But leaving our own iin])rt*ssions ofthe‘* Origin 
of Species/* and turning to those passages espt^ciully 
cited by Professor Kdlliker, we cannot admit that 
they bear tho interpretation ho puts upon them. 
Darwin, if we read himrightly,doijsaflirm that 
every detail in the structure of an animal has lieen 
created for its benefit, llis words are (p. ]!Ht) - 


** Tho forcgoiiip; ronuirks load aus to Hjiy a few wordn oti tin* 
protest lately laado l)y sonic nainralistH against the nttlil’uiHn 
doctriuc that every detail of structure Ims lM?en |>ro<liuw»<l fur tin* 



in ('ittTinsiiK fix “ TTfK finifiiN nr spEfiiES ” 87 

of its ]»o.ssi‘.s.‘,(ir. Tln‘y that v<‘ry iiuiny striujliiros 

liav*‘ }m' 4 ‘u fur Ik ‘ail ty in i1i»‘ <‘y<‘rf <»!’ tuaii, or for nicru 

variety. Tills duetriiie, if line, woultl be ubsulutely fatal to luy 
tbeory—yet I fully rulniit that many struetures are <tf no direct 
list* to their ]>or,s<‘.shor.” 

And ai’t<‘r sundry il hist rations and ({unliiicationS; 
ho coin^ludns (p. iOOj : — 

“Ileiieu (‘Very d(*tail of struclun^ in (*V(‘ry livin^^ ereature 
(inahiiiff some little allowanec for the dintei action of ]»hysie{il 
eimditions) may ]>u viewed eith<‘,r as luiving he«‘u of special use 
to .somii ancestral form, or as bein^i; now of special ns** to the 
di‘Hcendauts of this fonii—(dther dlivetly, or indirectly, through 
tlm complex laws of growth.” 

But it is ou(i thing to say, I)urwini(*ally, tliai 
(‘Very (hdail ohs(‘rv<*d in a-n aniinars stnicturo is 
of us(‘ to it, or has Ihumi of us<t to its uiKM^siors; 
and (initio another to iitlinn, i(‘l(‘ologditiilly, that 
(‘Very detail of an animars stnnrtnn* lias Ikjou 
er(‘ai(‘d for its heiK'tit. On iho fonm*r hyjniUa'sis, 
lor (‘Xfunjd(‘, thi^ hsdJi of tins rn*t«al J>((]tv%a havo a 
iu(*a,ning; on IIh^ latter, notn*. iS(^ far as wc are 
awans there is not a plirase in tlni Origin of 
Sp<‘ei(*s*’ ineonsist.<*nt witli Proiessor K(>Hik(‘r’s 
position, that “ vari(‘i.i(‘S aris(‘ irn‘Spe<div(*ly <»f the 
notion of pnr[nys(% or of utility, aetairding to g<‘iuTal 
lasvs of Naturt‘, and may he. eithtd* useful, or hurt¬ 
ful, or iadiilermit.*^ 

On the (jonirary, Mr. Darwin writes (Huininary 
of (Jhap. V.): - 

** Our ignurum ‘0 of tho laws of variation is profound. !Not in 
one (‘UHo out of a hundrtsi can W(* {>r(*lend to assign any rcaBoii 
why this or that part varhtH morn or Ichh from tho same part in 
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tli)C parents. . . The external (‘onditions of life, as einnate and 
food, &c., seem to have induced some modilii’ations. 

Habit, in producing constitutional dillercnces, and use*, in 
strengthening, and disuse, in weakening aii<l diminishing organs, 
seem to have been more potent in their ellbets.” 

And finally, as if to prevent all imsible miscon¬ 
ception, Mr. Darwin conchules liis Cluapior on 
Variation witli these pregnant words :— 

Whatever the cause may he of cacli slight diilVnnu'c in tin* 
offspring from their parents—and a cau.se for each must exist - - 
it is the steady accumulation, through natural .s(dc‘<ition (»f smdi 
dilferences, when bencfiml to the individual, that givt's rise to 
all the more important modifications of structure, by which the 
innumerable beings on the fa(‘C of the earth art* (‘nabltsl to 
struggle with each other, and the best adapted to survivt*/' 

We have dwelt at length upon this 8uhj(‘(*t, lu*- 
caiise of its great general imjiortancu*, and h(*t!aus<i 
wo believe that Professor K(illik(*r s criticisms en 
ibis head are based upon amisa])i)r(ib(‘nslon of Mr. 
Darwin’s views—snbstautially ilu*y npptsar to us 
to coincide with his OAvn. Tlut oth(‘r objt*c,tions 
which Professor Kiillikor euunu‘ratos and tliscussos 
are the following: ^— 

‘*1. No transitional forni.s beUvetm c.xistiug Npt‘cicM arc 
known; and known varieties, whether sclcctctl orHjiontanetuiH, 
never go so far as to establish mnv speeiti.s,’* 

To this Professor Kiillikcn* appears to attacih 
some weight. He makes the suggcjsiion that tlm 

1 Space will not allow us to give rrofes-sor KollikcrVi argu- 
ments in detail; our readers will find a full and nc‘curate vt‘rsion 
of them in tlie Meadrr for August 13th and tiOlli, ISfM. 
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short-faced tinubler pigeon may l>c a pathological 
product, 

“2. No transitional forms of animals are met with among the 
organic remains of earlier ep<»<*hs.” 

XTj)on this, Professor Kdllikor remarks that the 
ahsence of transitional forms in the fossil world, 
though not nocc^ssarily fatal to Darwin’s views, 
weakens his case. 

“ 3. The struggle for existence docs not take place/’ 

To tliis objection, urged by Pelzoln, K<>lliker, 
very justly, attaches no weight. 

‘M, A tendency of organisms to give rise to ustdul varieties, 
and a natural scdc{d.ion, do not exist. 

varieties which are found arise in consequence of 
manifold e,xt.<inKiUnnuences, and it is not obvious why they all, 
or juirtially, shouhl lx*, pailicularly useful. Each animal suflices 
for its own (uuls, is p<a’frjct of it.s kind, an<l needs no further 
dt^v^dopimmt. Shouhl, however, a varuity bo useful and even 
maintain itself, tlu^rc is no o})vious r<*ason why it shotild change 
any further. The, wholes (*on<x‘i)tion of the imperfection of 
organisms and the lUM'.essity of their heeoming perfected is 
}>lainly tlie w(*akest side, of Parwin’s Th<‘ory, and a pis alhr 
(Kothlxdudf) b(‘<‘auKC Darwin could think of no oHut principle 
by whi(*h to exjdain the metamorj)hos<‘s whieh, as I also believe, 
liavtt oeeumsl.” 

u,gain we, must veuttire to dissent com- 
])letely from Pnifessor Kt)llik(u*’s couceptioii of Mr. 
i)arwiu’s hypothesis. It appears to us to he one 
of the many peculiar moritsof that hypothesis that 
it involvt^s no belit^f in a luicessary and continual 
progn^ss <»f organisms. 

Again, Mr. Darwin, if we read him aright, 
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assumes no special tendency of organisms to give 
rise to useful varieties, and knows nothing of needs 
of development, or necessity of jxnfeetion. What 
he says is, in substance: All organisms vary. It 
is in the highest degree improbable tliatany given 
variety should have exactly the same relations to 
surrounding conditions as the jiareui stock. In 
that ease it is either better fitted (when the varia¬ 
tion may be called useful), or worse fitted, to (^ope 
with them. If better, it will tend to supplant the 
parent stock; if worse, it will tend to be extin¬ 
guished by the parent stock. 

If (as is hardly conceivable) the new variety is 
so perfectly adapted to the conditions tliat no 
improvement upon it is possibl(‘,“-it will jKirsist, 
because, though it does not cease to vary, tlui 
varieties will ho inferior to itself. 

If, as is more probable, the new variety is by no 
means perfectly adapted to its conditions, Init only 
fairly well adapted to them, it will persist, so long 
as none of the varieties which it tlirows oi‘f are 
better adapted than itself. 

On tlio other hand, as soon as it vari(‘s in a 
useful way, when the variation is such as to 
adapt it more perfectly to its couditious> the frcish 
variety will tend to supplant the former. 

So far from a gradual progress towards jierfiitjtion 
forming any necessary part of the Darwinian 
creed, it app(iars to us that it is perfectly consistent 
with indefinite persistence in one state, or with 
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a gradual retrogression. Sii])])<»se, for oxiiipple, a 
return of ilio gla<aal epocli and a spread of polar 
climatjd c.onditioiis over the whole glohe. The 
operation of natural selection under these circum¬ 
stances would tend, on the whole, to the weeding 
out of th(j high(‘r organisms and the cherishing of 
the lower forms of life. Orypiogamic vegetation 
would have tlic advantage over Phanerogamic; 
nydroziHi over Corals; Crustacea over hisccta, and 
Amiihipoda and Isopoda over the higher Grustaeca ; 
Cetaceans iind Seals over the Primates; the 
civilisation of the Es(pxiniaux over that of the 
Kuro])(‘am 

** th Pclztjhi liJis also that if lltn later or^anisias liave 

ju'«><H‘<*{lti<l from th(! earlitir, iho whole tlev<ilo]>mc3ital serkss, from 
the siniplest to the hi/dowt, could not now exist; in such a case 
this simpler (U'f'auisuis must have disappeared.” 

To this Profttssor Kidliker r(iplit‘S, with perfect 
justict^, that the conclusion drawn by Pel/xdn does 
not n^ally follow from Darwin’s i)remis(^s, and that, 
if w<* take tlic facts (»f Paheontology as tliey 
stand, tht‘y railufr B\ip]H)rt than oppose Darwin’s 
tluMuy. 

(Ireat \V(iip;ht must Iks attached to the objection hrought 
forward by i lux ley, otluirwise a warm supporter of Darwin’s 
hypotlmsis, that we know of no vunet’ujs which are sterile with 
one ujudher, us is the rule among sharply distinguished animal 
ibnuH. 

** If Darwin is right, it must bo demoustratod that forms may 
be prodmied by soloctiun, which, like the present sharply dis- 
tingtiished animal forms, are infertile, when coupled with one 
another, and this has not been done/' 
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The weight of this objection is obvious ; but our 
ignorance of tlio conditions of fertility and sterility, 
the want of carefully conducted experiments 
extending over long series of years, and the 
strange anomalies presented by the results of the 
cross-fertilisation of many plants, should all, as 
Mr. Darwin has urged, bo taken inh) ae<.‘ount in 
considering it. 

The seventh objection is that we have alr(‘ady 
discussed (su2yra p, 82 ). 

The eighth and last stands as follows : — 

The developmental theory of Darwin is not need<‘d to 
enable ns to understand the regular liannonious progr<*ss of the 
comxdete series of organic forms from the to the luort* 

perfect. 

“The existence of general law.s of Nature <*xj[)luins this 
harmony, even if we assume that all beings have arisen separately 
and independent of one another. Darwin forgtiis that inorganic 
nature, iu which there can be no thought of g(nt(‘tie eonnexion 
of forms, exhildts the same regular plan, the sanu* harmony, as 
the organic world ; and that, to eite only one examph*, ther<< is 
as much a natural system of minerals as of plants and 
animals.” 

We do not foci quite sure that m) 
Professor Kolliker’s meaning henj, hut he Jipp<;arH 
to suggest that the observation of ilio gtinoral ordtir 
and harmony which pervade inorganic natunt, 
would lead us to anticipate a similar ordc^r and 
harmony iu the organic world. And this m no 
doubt true, but it by no means follows that iht^ 
particular order and liarmony obs(irv(«l aimmg 
them should ho that whi(jh wo stit*. Kurely llui 
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stripes of diiu liorses, and tlie teeth of the foetal 
Btdmna^ arc not cx]>laiiicd by the ''existence of 
general laws of Nature/* Mr. Darwin endeavours 
to explain the exact order of organic nature 
which exists; not the mere fact that there is 
some order. 

And with reganl to ilie existence of a natural 
system of minerals ; tlie obvious reply is tliat 
UH3ro may be a natural classification of any 
objects—of stones on a sea-beach, or of works of 
art; a natural classification being sinij)]y an 
assemblage, of objects in groups, so as to express 
their most important ami fundaineiita,] n^sem- 
bbinces and diffiircnces. No doubt Mr. Darwin 
b<jlieves that those rcseixrblanccs and differences 
upon which our natural systems or classifications 
of animals luid plants are based, are resemblances 
an<] diffenuices wluch have been produced gene¬ 
tically, but we can discover no reason for suppos¬ 
ing that ho denic‘K the cixistencc of natural classi¬ 
fications of otluT kimls. 

And, after all, is it <piite pjo certain that a 
gemitic relation may not nndcTlio the classification 
of niimTals ? The inorganic world has not always 
Ihhui what wo Hoo it. It lias certainly had its 
m<»tamori)hoses, and, very probably, a long 
“ Kntwickclungsgeschicbh^ ” out of a nebular 
blastema. Who knows how far tliat amount of 
lik(m(‘.SH among s<^ts of mimwals, in virtue of which 
they ani now grouped into families and orders, 
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may not be the expression of the common condi¬ 
tions to which that particular patch of nebuhms 
fog, which may have been constituted by their 
atoms, and of which they may bo, in the strictest 
sense, the descendants, was subjected ? 

It will be obvious from what has precede<l, that 
we do not agree with Professor Kdllikcr in think¬ 
ing the objections which lie brings forward so 
weighty as to be fatal to Darwin’s view. But oven 
if the case were otherwise, wo sliould be unable to 
accept the Theory of Heterogeneous Gencu-ation ” 
which is offered as a substitute. That tlieory is 
thus stated:— 

“The funclamontal coiicc])lion of this hyjmthesis is, that, 
under the iiifluonce of a general law of devdupimaii, the gta*ms 
of organisms produce others diUbrent from thcm.scdvos. 
This might happen (1) by the fecundated ova passing, in tluj 
course of their development, uiKlorpartieuhir ciummstam^es, into 
higher foimis; (2) hy the primitive and later organisms produc¬ 
ing other organisms without ft'cundaiion, out of gtoans or (‘ggs 
(Parthen ogeiiesis). ” 

Ill favour of this hypothesis, Prof(‘ssor Kiillikor 
adduces the well-known facts of Aganiog(‘uesis, or 

alternate generation” ; the extreme dissimilarity 
of the males and females of many animals; and of 
the males, females, and neuters of those insects 
which live in colonies: and he defimjs its relations 
to the Darwinian theory as follows:— 

“ It is obvious that my hypothesis is appurciitly v<‘ry sinular 
to Darwin’s, inasmuch as I also (consider that tin* various forms 
of animals have proceeded <lire(itly from one another* My 
hypothesis of the creation of organisms ]>y heterogoneous genera- 
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tion, however, is distiogiiished very cssieitially froin Darwin’s 
by the entire absence of the prineiplc of nseful variations and 
their natural sclec-tion : and my fundamental conception is this, 
that a great plan of development lies at the foundation of the 
origin of the whole organic world, impelling the siniphu* forms 
to more and more complex developments. How this law 
oj)eratcs, what inllucnccs d(‘terininc the development of the 
eggs and germs, and imjxd them to assume conslaiii.ly new 
forms, I naturally cannot pretend to say ; hut I can at least 
addu(;e tlic great analogy of the alternation of generations. If 
a Bipmiarirt^ ^BracMolaruXy tiPhUcus, is competent to produce 
the Echinoderm, which is so widely different from it; if a 
liydroid polype can produce the higher Medusa ; if the vermiform 
Trematodc ‘nurse’ can develop within itself the very unlike 
Ccrcariitf it will not a])pear impossible that the egg, or ciliated 
embryo, of a sponge, for oiitic, under special condition.^, might 
hccome a hydro id polype, or the embryo of a Medusa, an 
Echinoderm.” 

It is obvious, from those extracts, that Pro- 
hissor Kiillikor's liypothosis is bas(id upou the 
supi)ostHl oxistcuco of a closer analogy bciwccu the 
])lueuomona of Agaiuogoiiosis and the production 
ofn<iW sp(‘(n<‘s from pre-existing ones. But is tlie 
analogy a real oiu^ ? Wo think that it is aiot, and 
l>y tlu) ]iy[)oth(^sis cannot Ixi, 

For Avhat, are tlic plnenomouaof Agamogenesis, 
stattul g(inerally ? Au impregnated egg develops 
into a stixh*.HS form, A ; this gives rise, non-soxually, 
to a sec^ond form or forms, B,morc or loss different 
frojn A. B may multiply non-soxually again ; in 
the simpl(U*(asos, InnviWd', it do(‘S not, but, ac<piir“ 
ing S(^.xnal (diaraotors, producu^s iinprngnjitcd eggs 
from wlumct} A, once more, arisas. 
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No case of Agamogenesis is known in which 
when A differs widely from B, it is itself cajxible of 
sexual propagation. No case whatever is kiKjwn 
in which the progeny of B, by sexual generation, 
is other than a reproduction of A. 

But if this bo a true statement of the nature of 
the process of Agamogenesis, how can it enable us 
to comprehend the production of now species from 
already existing ones ? Let us sup]>oso Hymuas 
to have preceded Dogs, and to have prochioed the 
latter in this way. Then the Hyaiiia will represent 
A, and the Dog, B. The first difficulty that pre¬ 
sents itself is that the Hyajna must be non-sexual, 
or the process will be wholly without analogy in 
the world of Agamogenesis. But passing (jver this 
difficulty, and snj)posing a male and female Dog to 
be produced at the same time from the Hymna 
stock, the progeny of the pair, if the analogy of 
the simpler kinds of Agamogenesis ^ is to be fol¬ 
lowed, should be a litter, not of pupjdes, btit of 
young Hysenas. For the Agamogenetic stTies is 

^ If, on the contrary, wo follow the aimlo^^y of tho more (unij- 
plex forms of Agamogenesis, such as that cxhibih*d hy soiii's 
TremaMda and by the Jphidcs, the Hymna must prodm'o, non- 
sexually, a brood of sexless Dogs, from which other soxlciss 
Dogs must proceed. At the end of a ccxtiin number of tcirms 
of the series, tho Dogs would ac(piiro sexes and gencraUi young; 
but these young would be, not Dogs, but Hyienas In met, we 
hare demonstrated, in Agamogenetic phjenomona, that inorifaible 
recurrence to the original type, wlii<!h is assorted to be true of 
variations in general, by Mr. Darwin’s oi)ponentsj and whnth, 
if the assertion could he changed into a demonstration, wouhL 
in fact, he fatal to liis hypothesis. 
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ahvfiys,as we have seen, A: r>: A: B, &c,; wliereas, 
for tlio production of a new species, tlio series must 
be A : B : B : B, &c. The production of new species, 
or genera, is the extreme permanent divergence 
from the primitive stock. All known Agamo- 
genetic processes, on tlie other hand, end in a com¬ 
plete return to the primitive stock. How then is 
the production of new species to be rendered 
intelligible by the analogy of Agamogenesis ? 

The other alternative put by Professor Kdlliker 
—the passage of fecundated ova in the course of 
their development int<-) higher forms—^would, if it 
occurred, bo merely an extreme case of variation in 
the l^tirwinian sense, greater in degree than, but 
perfectly similar in kind to, that which occuixed 
when the well-known Ancon Ram was developed 
from an ordinary Ewe's ovum. Indeed we have 
always thought that Mr. Barwin has unnecessarily 
hampered himself by adhering so strictly to his 
favourite Natura non facit saltum." We greatly 
susp(*(jt that she does make considerable jum])S in 
thc^. way of variation now and then, and that these 
saltations giv(^ rist‘. to some of the gaps which ap- 
]H‘ar to exist in tluj mrioH of known forms. 

Htrongly and freely as we have ventured to 
disagree with Professor Kidliker, we have always 
dom^ so with regret, and wo trust without violating 
that r(ispc(‘.b whic-h is duo, nob only to his scientific 
(uuiiKUKie <aud to the can^ful study which he has 
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tlt^voiod to tlio l)ut io tlie pnfrrt laini<*.ss 

of liisar^mueiitation; <‘111(1 lJi(*gt‘iioroiiso]#|u*<*t‘ia1iou 
of tlio worth of Mr. Darwin’s labours \vhi<‘li lio 
always tlisjdays. It would )h» saiislartory 1o ]><» 
able to say as juuoh for M. Flourous. 

But tlic lVrp((iuaI Sia^rofary of (lie Froiadi 
Academy of Scuuiccs d<‘als with Mr.Darwiu as ilu* 
first Napoh^on w<nild havo tr(‘a.t<‘d an idt‘oh»i^uio ; 
and wliilc displaying a painful W(*akn(‘ss of Iooi<; 
and sliallownc^ss of information, assumos a t(»in* of 
authority, which always ioinrhos ujion the ludicrous, 
and Roiaotiint‘s passiss the. limits of o«H»d hrot‘diiio. 

For exaiujde fp* 

M. PiU’win foiiiiinio : ‘ AiH'unc (iiNtiiH'iiua it’n »'f«' 

ct no |H‘Ut rtr« catre Ir.s I* ;i varii'!*'';,’ Ji* vtmn 

ui (lit qiK* V(HJK vous tnannn'/t; unr (ilooliu* 

Krpiiiv 1(‘H viirii**t(*H (r{iv<‘(i I»‘.s c.qittM'x” 

Jv vvu^s* (ti (Irjil fUf,; moi, M, h* Soiuvtain^ p(*r^ 
pctuel d<-‘ rActwlcmio doH Kci<‘ncos : id,, vous 

“ * Qui nV*l(‘s ri(*in 

i*as iiiOnuj Acji(l(‘nii«'i«'n ;' 

what <lo you moan by assiuiJn^^ the contrary T’ 
Being diwoid of tlio hh'ssings of an A(‘;id(»iny in 
England, we are unaccustomed to siv our ablest 
uum treated in this fashion, c»vcu by a PiWpidual 
Secretary/' 

Or again, considering that if th(*ro is any 
(juality of Mr. Darwin's work t<^ which friiuals and 
foes have alike horiu^ witness, it is hi.s i'andourainl 
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fairness iu admitting and discussing objections, 
wliat is to be thoiiglit of M. Flourens’ assertion, 
tliat 

“JM. Darwin nc cite que lea antuurs qui pailagcnt scs 
opinions.” (P. 40.) 

Once more (p. 05) :— 

‘‘Enfm Pouvrago do M. Darwin a paru. On no pent qu'etre 
frai)j>6 du talent de Pautcur. Mais quo dTdeos obscures, quo 
dldees fausses! Quel jargon inetaphyaique jete nial ii propos 
dans Pliistoiro naturelle, qui tombe dans le galimatias des qu'elle 
sort des idoes claircs, des idoes justos ! Quel langago prcteiitieux 
tit vide 1 Quellos porsoiniilioations pueriles et surainiees ! 0 
lucidite ! 0 solidilo dc Pcf-qn'it Prantjaih, <iue deveneii-vous ? ” 

Obscurtj ideas,metaphysical jargon,“ pre¬ 
tentious and empty language,” “puerile and 
superannuated personifications.” Mr. Darwin has 
many and hot opponents on this side of the 
(Ihaimel and iu Germany, but wo do not recollect 
to have found precisely those sins in the long 
catalogue of those liithorto laid to his charge. It 
is worth while, tliei'‘ef<)ro, to examine into these 
discoveri(‘s effected solely by the aid of the 
“ lucidity and solidity ” of the mind of M. 
Floureus. 

According to M. Flourcns, Mr. Darwin's great 
error is that he has personified Nature (p. 10), 
and further that ho has 

** imagiiKsd a natural soloctioix; ho imaghios afterwards that 
this powtw of Hol(‘cting (pmewir d*4lmi)\v\iidh he gives to Nature 
is sinnlur to the power of man. Th(ise two suppositions ad- 

H 2 
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mittcd, nothing stops him: ho jHays witli Natiiro as }u>. lilc<*.s, 
and makes her do all ho ])Ieast‘s. ” (P. 0.) 

And this is the way M. Flourens extin< 4 'uish(^s 
natural selection: 

“Yoyonsdonc encore ime fois, (‘O ([u’il pt‘ut y avoir dc fundc 
dans ce (ju’on nomine Section natiirclU), 

election natardU n’est sous uu auire nom <pi«‘ la nature. 
Pour uu etre organise, la nature ii’est (pie rorgauisaliun, ni plus 
ni moins. 

‘‘II faudra done aussi porsonnificr<‘t dire que 
V organisation choisit V orgawlsation. L'elect ion mdnrcUc est 
cette forme sichstantielle dont on joxiait autr«‘f<>i.s avee tant de 
facilite. Aristote disait epic *Bi Tart dc hiitir etait dans 
cet art agirait comine la iiatimi.’ A la plaiK* de I'tirf (O' Oo/ir 
M. Darwin met Vdedion 7iaturcM(\ et e^‘Kt i«)Ut un : Tun n’esl 
pas i>lus chimurupie epic rautre.*’ (P. Jit.) 

And this is really all that M. Iflourons <‘an inak<‘ 
of Natural Selection. Wo liavc*, tlio orijL»'iiiah 
in fear lest a translation should ho r<\^anh‘(I tin a 
travesty; hut witli th<i ori^dnal hol'oro the reader, 
Ave may try to analyse tla^ ]»assa.ii;<t. Kor an 
organised being, Natiin^ is only organisation, 
neither more nor h^ss.'' 

Organised beings ilutu liavii ahsoluioly no 
relation to inorganic naturti: a plant do<*.s not 
depend on soil or sunshine, (‘limaU% d<»pth in tlut 
ocean, hciglit above it; the (luantiiy of saliiut 
matters in water have no inHumuH^ upon animal 
life; the substitution of carbonic atuil for oxygon 
in our atinosiihere would hurt nobody 1 That 
these arti absurdities no fine shonhl know betUu* 
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tliiiii ]\1. Flonrctis; but they arc logical deductions 
from the assei'tion just (juotod, and from tlio 
further statement tliat natural selection means 
only that ''organisation chooses and selects 
organisation.” 

For if it 1)0 once a<Inutted (what no sane man 
d(Uii(‘s) that tlio chances of life of any given 
organism are iiKTcased by certain conditions (A) 
and diminished by their opposites (B), then it is 
matliematically certain that any change of con¬ 
ditions in th(', din‘etiou of (A) will exercise a 
selective influ(*nco in favour of that organism, 
tending to its iner(‘ase and multiplication, wliile 
any clauigti in tln^ din^ction of (H) will exorcise a 
s(*lectiv(^ inlhuMico, against that organism, tending 
to its (h^cr<‘a,si) and (extinction. 

Or, on the other hand, conditions remaining the 
same, hit a givcui organism vary (and no one 
doul)t.s that th(iy do vary) in two directions; into 
on<i form (a) b(‘ttcr litbid t,o cope with these con¬ 
ditions tha,u iii<i original stoede, and a sociond (/>) 
hiss W(ill adapted to thcTn. Thtui it is no less certain 
that tlus conditions in <pu\stion must exorcise a 
s<?l<i(itivii iulhuiuce in favour of (a) and against (&), 
so tlia,t((r,) will bmd to predominance, and (Ji) to 
(ixtirpation. 

That M. Fh)unins should be unable to perceive 
the logiijal ncicessity of tlH‘sc.5 simphi arguments, 
which lie at tlui foundation of all Mr. l)arwi?i's 
r(‘ast)niug; that he should confound an irrefragable 
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ilediictioii from tlmoKsorvod n^lolioii.s of ortraiiisms 
to the conditions whicli lie. around wit.li a. 

metaphysical “ fonui 3 .su])slfintielle/' ur a.elunmneal 
personification of the powiu’S of Natine, would ho 
iucredihhi, wore it not that oth(*r pas.-aoos of hi.i 
work leave uu room for <Ion1>t upon tln^ .^nhjeeh 


** On imagine, line vlirfim liaUiri'lIn (jU(% pnai' |*lii ini-nnp,**- 
luoui, on nio <lit ctre hm)ihsr,ii'nfi\ sanw .s’apcr(*fV<(ir*jU«' 1«* 
sens liih'iul est ]>m‘is»‘jn(’nt, la: rltvtion //nv/n.-.rAv/J'v.*' fl*. 

“J’ai (lit (mj (pril lliiut ix'-nscr <!<* utthu'* i(*\ (hi 

VUeethn naMdrlk n’est Hen, on etsst la nalun*: inni^j la naUjre 
doiiiio (StUcdlm^ tuais la nature personninee ; (Ifniitre ♦'rietir <lu 
<leniicr sieclo ! Lc xix” an tiiit plus <1«‘ p^wmnitntation.;/’ (p. 

nw.) 


M. Flourcus cannot ima.<jfin<i an nneoitseioun 
selection—it is for him a contradiction in tonus, 
Did M. Flourens over visit om‘ of tint protfn‘st, 
watorini^^-placos of “la hellit Franco/’ the f5a!o 
d*Arctichon ? If so, Int will prohahly ha.vo passed 
through the (listrmt of tint Ljunh-s, ami will have 
had an opportunity of ohsttrving iho formati<m of 
**dunes’’ on a grand scalt^. What; ant those 
dunes The winds a.nd wa.V(,‘S of the Hay of 
Biscay liavo not much consciouHness, tuid yot thoy 
have with great carii "selected/’ from among an 
infinity of masstis of sihtx of a.ll shapi*s and siy.f'S, 
which hav(i Ixstn snhmiited to their action, all tin* 
grains of sand h<‘low a. eiTtain sii^e, and have 
heaped them hy tluunsidves over a. groat aroa. 
This sand has boon "unconsciously sehichal” from 
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amidst tlie gravel in wliicli it fii’st lay witli as 
mucli precision as if man had consciously 
selectedit by the aid of a sieve* Physical 
Geology is full of such selections—of tlio picking 
out of the soft from the hard, of the soluble from 
the insoluble, of the fusible from the infusible, by 
natural agencies to which wo are certainly not in 
the habit of ascribing consciousness. 

But that which wind and sea arc to a sandy 
beach, the sum of influences, which we term tlio 
conditions of existence,'' is to living organisms* 
The weak are sifted out from the strong. A frosty 
night selects ” the hardy plants in a plantation 
from among the tender ones as effectually as if it 
were the wind, and they, the sand and pebbles, of 
our illustration; or, on the other hand, as if the 
intelligence of a gardener had been operative in 
cutting the weaker organisms down. The thistle, 
which has spread over the Pampas, to the de¬ 
struction of native plants, has been more effectually 
scdectod " by the unconscious operation of natural 
conditions than if a thousand agriculturists had 
spent their time in sowing it. 

It is one of Mr. Darwin's many great services 
to Biological science that he has demonstrated the 
siguificanco of those facts. Ho has shown that— 
given variation and given change of conditions— 
the in(wita})1e result is the exorcise of such an 
inflinnico upon organisms that one is liclpod and 
another is im])oded; one tends to predominate, 
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anyiliiu*^ bufe iibsolutfci i< 4 iioraiic<‘ uf .soium of tli,. 
befit tiHtal)IifiluHl lactfi, liiat wa should liav**, ]jasse«l 
it over ia fiihiiioo had il< lad aj)|M‘nrfd 1o aflbrd 
fiuani clue to AI. Moiireiis’ iiidj<‘.sif;uin; 4 \ cl 
n^pndiatiou of all jbriiis <d‘ iho doctriin* of |jn>- 
^n’cssivc modiilcatinn of hviu.ic b<;iii‘^'fi. Ho. wluts** 
mind remainfi uninlluon(’o<! by an ari}tjaintanf*o 
with tliti [>}ta‘n<<mona, of do\oh^pmonl, mus! indoi-d 
lack oiu‘. of tht‘. chii‘f iiii)tiv(‘.s iowanU iho 
(‘lahvavotir to trac<^ a j;onoii<j rolatioii bofwoon 
the (liiloront (^xifitiug forms of lift*. 1'hoso who 
are ignorant of fh‘olo|^y, liiid no jliflioidfy in 
b(?licvino that tin*, world was imuh* a.s it is; and 
the sh(^[diord, uiitutoriid ia lilstory* soon no roasort 
t<^ regard the gretm namnds whi<di hidioato. tho 
mti) of a Homan <^ami>, as aughi: but paH. arid 
parcel of tih<^ primajva.1 hill-sidt*. So Klourons, 
who bclio.V(*s that mnbryofi ant fonuiMl tout tTun 
naturally finds no ditlicniUy in conoi-iving 
that species came into cxistiuicu in iluj santii 
way. 
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(JoNSlDKillNG that Germany now takes the h^ad ( 
ilio workl in scioiitific invcstijijation, and partici 
larly in biology, Mr. Darwin must bo well please 
at the rapid spread of bis views among some < 
the ablest and most laborious of Germa 
naturalists. 

Among those, Professor Haeckel, of Jena, is tl 
Ooryplijons, I know of no more solid and impor 
ant cont.ribui/ions to biology in the past seve 
yt^irs thiin na(icki‘l’s work on the ''Iladiolaria 
and tlio reS(VU'cli{‘S of his <listinguishod collcagi 
(}t*g(^nh{uir, in v<‘,ritd)rato anatomy; while 
HaiM^kol’s (ji<itu‘r(‘llo. Morphologic” there is i 
th<‘, forot‘,, sngg<‘,stiveucss, an<l, whnt F may ter 

i 7V//J Naktnd Uhifovij of iJrmthu, I'y Dr. ICrnsL 

- Von* Dr. ICimit U{u*<ik 
ati <l<‘r Uuiv<n\sitiit/ .Ji‘ua.J n<}rlui, 18 r>;i 
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the systoinatisiHg }«>wcr, of Okon, without his ox- 
travagaEco. Th(3 Gcnorolh* ]\ForpIiologi<^ ” is, in 
fact, an attempt to pat the l)o<TriTio of Evolution, 
so far as it apj>lit3S to th<i living M'or]<l, into a. logical 
form ; and to work out its]>radical a]»plication.s !♦> 
tlicir final resultn. The work ])cron^ ns, again, may 
ho said to ho an ox])osition llio “ (i<‘m‘rcll«‘ 
Morph<()gi(‘ ” for an educated ])iihlic, <*onsisfing, 
as it do(\s, of the snhsta.ncf* <yf a scrips of lectures 
delivered heforo a mixtsl audience at d<‘na, in tin? 
session 1<S()7-S. 

“The Natural History of <h-eaiion,” - or, as 
Professor Haeckel admits it would have heim 
h<*ttor to call his work, ‘‘The History of (In* 
Developiuent or Evolution of Nat are,nleals, in 
tlH5 first six lectures, with th(^ genera,! and liis- 
torica,! asp(‘.(d,s of the ((uestioTi and contains a. very 
iutcT<‘sting and lucid actcount of the views of Liu- 
nie.us, Guvita-, Agassi^;, (hadln*, (Hum, Kant, 
Lamarck, Ly(‘ll, and Darwin, ami of the histori(‘a,l 
filiation oftluiso philosophers* 

Tlui luaxt six le.cturt‘S ani (K*cnpi(^d hy a well- 
digested statmmmt of Mr. Darwin’s vit‘ws. The 
thirt(‘-enth lt‘(dure disctiss(‘s two topics which nn* 
not touclusl hy Mr. .Darwin, nanndy, the origin of 
the prestmi form of the solar system, ami that of 
living matter. Ftdl justi<u^is done to Kantian the 
originator of that “<?osmi(j gas th{‘ory/* as the 
GtTmans S(>mew]ia.t <|naintly <‘all it, whudi is 
commonly ascrilxtd to Laplacit. With re‘Mpe<!t to 
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spontaneous generation, wliilo admitting tliat there 
is no exi)cri mental evidence in its favour. Professor 
Haeckel denies tlie possibility of disproving it, and 
points out that the assumption that it has occurred 
is a necessary part of the doctrine of Evolution. 
The fourteenth lecture, on “ Schopfungs-Porioden 
und Schopfungs-TJrkunden,'* answers pretty much 
to the famous disquisition on the '"Imperfection 
of the Geological Record'' in the " Origin of 
Species/' 

The following five lectures contain the most 
original matter of any, being devoted to " Phylo- 
geny," or the working out of the details of the 
process of Evolution in the animal and vegetable 
kingdoms, so as to prove the line of descent of 
each group of living beings, and to furnish it 
with its proper genealogical tree, or "phylum/'. 

The last lecture considers objections and sums 
up the evidence in favour of biological Evolution. 

I shall best testify to my sense of the value of 
the work thus briefly analysed if I now proceed to 
note down some of the more important criticisms 
which have been suggested to me by its perusal. 

I. In more than one place, Professor Haeckel 
enlargcis upon the service which the " Origin of 
Species" has done, in favouring what he terms 
the " causal or mechanical" view of living nature 
as opposed to the "teleological or vitalistic" view. 
And no dotiht it is quite true that the doctrine of 
Evolution is the most formidable opponent of all 
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tlic roiumouor tand eoam*r forms of ToIooIu^t. 
Blit perlxips tliu most runiark?d>Iti sis’vioo 1o ilu^ 
philosophy of Biology reufleivd l)y Mi\ Darwin is 
the reconciliation of Teleology and Morpholo^^y, 
and the explanation of the facts of holh \sliieit his 
views offer. 

The Teleology^ which supposes that the <ye, 
such as we see it in luau or one of the. higlier / Vy/e* 
hrata, was made with tlu^ |H’(^<‘ise slnn'ture whi(‘h 
it oxliibitS; for the purpose of (aial)Jing’ tin* anima.l 
which possesses it to see, has undoubtedly re(a‘ivi‘<i 
its death-blow. Nevertheless it is u<a,'(‘ssary to 
reincinber that there is a wi(l(*r T<h‘(dog‘y, whitdi 
is not tonebed by the doctrine, of Kvolution, hut is 
actually based upon tins fundaimaital proposition 
of Evolution. Tiiat proposition is, that th(^ whole 
world, living and not living, in the nssult of the. 
mutual interaction, according to dellnite laws, of 
the forces possess!‘d ])y the molecules tjf wlii<di th(‘ 
primitive nebulosity ofthet univ(U‘so was composed. 
If this bo true, it is no less certain that the existing 
world lay, potentially, in the cosmic vap<»ur ; and 
that a sufiiciout iutelligcmce could, from a know¬ 
ledge of the proi)ertie,s of tint moleciules of that 
vapour, have iiredicted, say the stab) of the Fauna 
of Britain in 1869, with as much tauiaiuty as (»n<* 
can say what will hapi)eu to tlie vapour of tin? 
breatli in a cold winter’s day. 

Consider a kitchen clock, wliicli ti<hs loudly, 
shows tlie hours, minuhjs, and seconds, sirikcK, 
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cries cuckoo 1 ’’ and perliaps sliows the phases of 
the moon. Wlion the clock is wound up, all the 
phenomena which it exhibits are potentially con¬ 
tained in its mechanism, and a clever clockmaker 
could jjredict all it will do after an examination of 
its structure. 

If the evolution theory is correct, the mole¬ 
cular structure of the cosmic gas stands in 
the same relation to the phenomena of the 
world as the structure of the clock to its pheno¬ 
mena. 

Now let us suppose a death-watch, living in the 
clock-case, to be a learned and intelligent student 
of its works. He might say, I find here nothing 
but matter and force and pure mechanism from 
beginning to end,’' and he would be quite right. 
But if he drew the conclusion that the clock was 
not contrived for a purjiosc, he would he quite 
wrong. On the other hand, imagine another 
death-watch of a different turn of mind. He, 
listening to the monotonous ^Hick! tick!" so 
exactly like liis own, might arrive at the conclusion 
that the clock was itself a monstrous sort of 
death-watch, and that its final cause and purpose 
was to tick. How easy to point to the clear 
relation of the whole mechanism to the pendulum, 
to the fact that the one tiling the clock did always 
and without intermission was to tick, and that all 
the rest of its phenomena were intermittent and 
subordinate to ticking! For all this, it is certain 
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that kitchen clocks arc not contrived for the 
purpose of making a ticking noise. 

Thus the teleological theorist would he as wrong 
as the mechanical theorist, among our death- 
watches; and, probably, the only death-watch wIjo 
would bo right would be the one who should 
maintain that the solo thing dcatli-waichos could 
be sure about was the nature of the clock-works 
and the way they move; and that the purpose of 
the clock lay wholly beyond the purview of beetle 
faculties. 

Substitute ''cosmic vapour"' for "clock," and 
"molecules" for "works," and the application 
of the argument is obvious. The tcdeological 
and the mechanical views of nature are not, 
necessarily, mutually exclusive. On the contrary, 
the more purely a mechanist the speculator is, th<i 
more firmly does he assume a primordial mo¬ 
lecular arrangement, of which all the phenomena 
of the universe arc the conse(piencc^s; and 
the more completely is 1 k) thorehy at the 
mercy of the teleologist, who can ahvnys didy 
him to disprove that this primordial mol(‘(tnIar 
arrangement was not intended to evolve 
the phenomena of the universe. On the other 
liand, if the teleologist assert that this, that, or 
the other result of the working of any jjart of the 
mechanism of the universe is its jmrposc a,nd final 
cause, the mechanist can always iiuiuire how he 
knows that it is more than an unessential imud(mt 
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—U]<‘ tif*kiu,! 4 ‘of tlie clock, "wliicii lie liiistakes 
for its function. An<l there seems io bo no reply 
to this inquiry, Jiuy more tliau to tlio further, not 
jrrationiil, (pieHtioii, why trouble one's self about 
mntters which are out of reach, when tlio working 
of tlie mechanism its<ilf, which is of infinite 
}>ractieal importance, affords scope for all our 
entn-gies ? 

Professor Ifaeckel has invented a now and con- 
v<inie*ut name Dysteleology/’ for the study of 
t.lui piirposclossm^sscis" which Jiro observable in 
living ovganisiiis—such as the multitudinous cases 
of rudiimuitary and apparently useless structures. 
1 confess, ho\v(rver, tliat it has often ai)peared to 
nu^ that the facets of Dysteleology cut two ways. 
If we are to assume, as evolutionists in general do, 
that useless organs atropliy, siudi cases as the 
(‘xisteuce of lateral rudiments of toes, in the foot 
of a horse, jducc us in a dilemma. For, either 
iluss(^ rudiments are of no use to tin*, animal, in 
whi<‘h ease, considc^ang that the horse has existed 
in ils pn‘S(‘nt form since the Plioe.ene <q) 0 ('h, they 
sun‘ly ought io ha.V(‘ (lisap]K*ar(‘d; or they arc of 
som(‘ use to tlu^ animal, in which eUvSe they are of 
no use. as arguimaits aga.inst T(d(*ology. A similar, 
but still stronger, argument may be based upon 
the (‘xist(‘U<*.<'. of h'ats, and evtai functional mam¬ 
mary glands, in male mammals. Numerous cases 
of (iynau^omasty," or functionally active breasts 
in m<‘n, are on ns^ord, thougb tlu're is no mam- 

VOL. 11 I 
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nialian spccios whatever in which the male nnv- 
lually suckles tlio yonug. Thus, llien^ can bt* 
little doubt tluit the mamnuiiy gland was as 
aj^parently useless in the remotest nialc mam¬ 
malian ancestor of man as in living men, and y(‘t 
it has not disai^pearecl. Is it then still j)r()fi1al»l<; 
to the male organism to retain it ? Possibly ; but 
in that case its dysteleclogical value is goiujd 
11. Professor Haeckel looks upon tlu^ (viust‘S 
which have led to the present diversity of living 
nature as twofold. Living matt(ir, Im tills us, is 
urged by two impulses: a centri[)etal, whidi tiuids 
to preserve and transmit the speoiti<‘. form, and 
which he ideutituis with heredity; and a eenlri- 
fugal, which r(‘.sults from tlie 1.en(huKy o(‘ (‘xhumal 
conditions to modify the organism an<l etr(*et its 
ada])tatian to themselves. The inhuaial im|i>ulse 
is conservative, anil tends to tlie ])r<‘S(U‘va.f.ioii of 
spcciHc, or individual, form ; tin* (‘xtiTnal impulsii 
is metamorphic, and tiuiils to the inodifleation of 
specific, or individual, fornu 

In developing his views upon this Huhjeet, 
Professor Haeckel introduces ijualilications which 
disarm some of the critiilsins I shimlil have l)een 
disposed to offer; luit I think that his milJiod of 
stating the case has the inconviuiieniHi of tending 
to leave out of sight the inijiortant fail.—whii^h is 
a cardinal point in the J)arwini,an hypothesis— 

^ [The Tccoiit <liw()vory of tlir important part playc<| by ihn 
Thyroid gland should Im a waruiiig to all Hpo<*ulatorH about 
useless organs. 3 H9:>. ] 
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that tlie tendency to vary, in a given organism, may 
have nothing to do with the external conditions to 
which that individual organism is cxj)osed, but 
may de23end wholly uiron internal conditions. No 
one, I imagine, would dream of seeking for the 
cause of the development of the sixth finger and 
toe in the famous Maltese, in the direct influence 
of the external conditions of his life. 

I conceive that both hereditary transmission 
and adaptation need to be analysed into their 
constituent conditions by the further application 
of the doctrine of the Struggle for Existence. It 
is a probable hypothesis, that wliat the world is to 
organisms in general, each organism is to the 
molecules of which it is composed. Multitudes of 
those, having diverse tendencies, ai’C competing 
with one anotlier for ojiportunity to exist and 
multiply; and the organism, as a whole, is as 
much the ja-oduct of the molecules which are 
victorious as the Fauna, or Flora, of a country is 
the product of the victorious organic beings in it. 

On this liypoUK‘sis, hereditary transmission is 
the result of the victory of particular molecules 
contained in the impregnated germ. Adajitation 
to conditions is the result of the favouring of the 
multii)lication of those molecules whoso organising 
tendencies arc most in harmony with such 
conditions. In this view of the matter, conditions 
are not actively 2 )roductive, but are ])assively 
])crmissive; iln^y do not cause variation in any 
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given direction, Init they permit a-nd favour a 
tendency in tliat direction which already exists. 

It is true that, in tlio long run, the origin of 
the organic molecules themselves, and of their 
tendencies, is to be sought in the external world ; 
but if we carry our inquiries as far l)ack as this, 
the distinction between internal and external 
impulses vanishes. On the otlior liand, if vve 
confine ourselves to the consideration of a single 
organism, I think it must he admitted that the 
existence of an internal mctauiorjJiic tendimey 
must be as distinctly recognised as tliat of an 
internal conservative tendency; and that, llu‘ 
influence of conditions is mainly, if not wdiolly, 
the result of the extent to which thciy favour tlui 
one, or the other, of these tendencies. 

Ill, There is only one point upon whi<‘li 1 
fundamontally and entirely disagreii with Profissjior 
Haeckel, hut that is the very iniporiani om^ of 
his conception of geological tinu*, and of tlu‘ 
meaning of the stratified rociks as n‘<*ords and 
indications of that tiim^, Ooacauving that, 
stratified rocks of an epoch indicai(i a period of 
depression, and that the intervals h(t,w<*(‘n the 
epochs correspond with periods of (ilevation of 
which wo have no record, lie ini,ercalateH l)(‘tw(j(uj 
the different epochs, or periuils, intervals whi(?h lu^ 
terms “Ante-periods/' Thus, instead of con¬ 
sidering the Triassic, Jurassic, (Jretaccjous, an<l 
Eocene periods, as continuously successive, he 
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interposes a period before each, as an. “ Antetrias 
zeit,^’ ^'Antejura-zeit,’' ''Antecreta-zeit,'' "'Antco- 
cenzeit/’ &c. And he conceives that the abrupt 
changes between the Faunae of the different forma- 
tions are due to the lapse of time, of which we have 
no organic record, during their “ Ante-periods ” 

The frequent occurrence of strata containing 
assemblages of organic forms which are inter¬ 
mediate between those of adjacent formations, is, 
to my mind, fatal to this view. In the well- 
known St. Cassian beds, for example, Palmozoic 
and Mesozoic forms are commingled, and, between 
the Cretacepus and the Eocene formations, there 
arc similar transitional beds. On the other hand, 
in the middle of the Silurian scries, extensive 
\inconformity of the sti'ata indicates the lapse of 
vast intervals of time between the deposit of 
successive beds, without any corresponding change 
in the Fauna. 

Professor Haeckel will, I fear, think mo unreason¬ 
able, if I say that he seems to be still overshadowed 
by gciological superstitions; and that he will have 
to believe in the completeness of the geological 
record far less Him he does at present. He assumes, 
for example, that there was no dry land, nor any 
terrestrial life, before the end of the Silurian epoch, 
simply because, up to the present time, no indica¬ 
tions of fresh water, or terrestrial organisms, have 
been found in rocks of older date. And, in 
speculating upon the origin of a given group, he 
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rarely goes further back tlian tlie Aiifce-period,” 
which precedes that in whicli the remains of 
animals belonging fco that grou]3 are found. Thus, 
as fossil remains of the majority of the groups of 
HqMlia arc first found in the Trias, they are 
assumed to liave originated in the ^‘'Aiifcetiriassic'' 
period, or between the Permian and Triassic 
epochs. 

I confess this is wholly incredible to mo. The 
Permian and the Triassic deposits pass completely 
into one another; there m no sort of disijoutinuity 
answering to an unrecorded Antetrias; and, 
what is more, wo have evidence of immensely 
extensive dry land during the formation of these 
deposits. We know that the dry land of the Trias 
absolutely teemed with rcj^tiles of all groups 
except Pterodactyles, Snakes, and perha[)S Tor¬ 
toises ; there is every probability that true Birds 
existed, and Mammalia certainly did. Of the in¬ 
habitants of the Permian dry land, on the contrary, 
all that have left a record arc a few lizards. Is it 
conceivable that these last should really represent 
the whole terrestrial population of that time, and 
that the development of Mammals, of Birds, and 
of the highest forms of Reptiles, should have boon 
crowded into the time during which the Permian 
conditions quietly passed away, and the Triassic 
conditions began ? Does not any such supposition 
become in the highest degree improbable, when, 
in the terrestrial or fresh-water Labyrinthodonts, 
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which lived on tlio land of the Carboniferous epoch, 
as well as on that of the Trias, we have evidence 
tha.t one form of terrestrial life persisted, through¬ 
out all th(?so ages, with no important modification ? 
For my piart, Imving regard to the small amount 
of modiiication (exceiit in the way of extinction) 
which the Crocodilian, Lacertilian, and Cheloiiian 
llq)tilia have uu<k‘rgonc, from the older Mesozoic 
times to the present clay, I cannot but put the 
(existence of the common stock from which they 
sprang far back in the PaUeozoic epocli; and I 
should apply a simihir argumentation to all other 
groups of animals. 


pl'h(} n'TiiJiindf'T of this essay contaiiiH a (liscxission of anostions 
of taxonrnny ami pliylogcny, which is now antifinatccl. I have 
r(ipnnlc.(l tlui oonshlorations about the rcconeiliatioix of Teleology 
with M<n*i)hology, about Dysteloology,” and about the stniggle 
for (^xi.stcnce within the organism, because it has hapi)ened to 
tue to b(‘» charged with overlooking them. 

In discussing Teleology, I ought to liavo pointed out, as X 
have done elsewheri*, (twl IjvJId'tt of Ghdvlcs J^ctTwiii, vol. ii. 
p. 202), that Palcy‘‘pritlcptically accepted the mod(n*n doctrine 
of Evolution,” {Natural Thcolorjif, chap, xxiii.). 1893.] 
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MR. DARWIN’S CRITICS ^ 
[ 1871 ] 


The gradual lapse of time lias now separated usliy 
more than a decade from the date of the publi¬ 
cation of the Origin of Species ”— and wliatever 
may he thought or said about Mr. Darwin’s doc¬ 
trines, or the manner in which he has i:)ropounded 
them, this much is certain, that, in a dozen years, 
the Origin of Species ” has worked as complete a 
revolution in biological science as tlie “ Principia ” 
did in astronomy—and it has done so, because, in 
the words of Helmholtz, it contains'' an essentially 
new creative thought.” ^ 

And as time has slipped by, a happy change 

^ 1 Oontrihutwiis to the Theory of Natural Selection., By 
A. K. Wallace. 1870,—2. The Genesis of Sycdcn, By St. George 
Mivart, F.R.S. Second Edition. 1871. —X Darwin's Descent, 
of Man, Quarterly ItcmeiOf July 1871. 

^ Helmholtz • IJeher das Zlel nnd die FortselmUe der Natur- 
wisscnscliaft, Eroflfnungsrede fur dm Haturforsichorversanim- 
lung zu Innsbrnck. 1869. 
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has come over Mr. Dai'win's critics. The mixture 
of ignorance and insolence which, at first, cliaracter- 
ised a large proportion of the attacks with which 
he was assailed, is no longer the sad distinction of 
anti-Darwinian criticism. Instead of abusive non¬ 
sense, which merely discredited its writers, wc read 
essays, which are, at worst, more or less intelligent 
and appreciative; while, sometimes, like that 
which appeared in the ‘‘ North British Review ” for 
1867, they have a real and permanent value. 

The several publications of Mr. Wallace and Mr. 
Mivart contain discussions of some of Mr. Darwin’s 
views, which are worthy of particular attention, not 
only on account of the acknowledged scientific 
competence of these writers, but because they ex¬ 
hibit an attention to those philosophical questions 
wliicli underlie all physical science, which is as rare 
as it is needful. And the same may be said of an 
article in the “ Quarterly Review ” for July 1871, 
the comparison of which with an article in the 
same Review for July 1860, is perhaps the best 
evidence which can be brought forward of the 
change which has taken place in public opinion 
on'" Darwinism.” 

The Quarterly Reviewer admits ^'the certainty 
of the action of natural selection ” (p. 49); and 
further allows that there is an a priori probability 
in favour of the evolution of man from some lower 
animal form, if these lower animal forms them¬ 
selves have arisen by evolution. 
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Mr. Wallace and Mr. Mivart go much further 
than this. They arc as stout believers in evolution 
as Mr. Darwin himself; but Mr. Wallace denies 
that man can have been evolved from a lower 
animal by that process of natural select] which 
he, with Mr. Darwin, holds to have been sufficient 
for the evolution of all animals below man; while 
Mr. Mivart, admitting that natural selection has 
been one of the conditions of the evolution of the 
animals below man, maintains that natural se¬ 
lection niTist, even in their case, have been supple¬ 
mented by some other cause "—of the nature of 
which, unfortunately, ho does not give us any idea. 
Thus Mr. Mivart is less of a Darwinian than Mr. 
Wallace, for he has less faith in the power of 
natural selection. But he is more of an evolutionist 
than Mr. Wallace, because Mr. Wallace thinks it 
necessary to call in an intell igent agent—a sort of 
supernatural Sir John Sebright—to produce even 
the animal frame of man; while Mr. Mivart re¬ 
quires no Divine assistance till ho comes to man's 
soul. 

Thus there is a considerable divergence between 
Mr. Wallace and Mr. Mivart. On the other hand, 
there are some curious similarities between Mr. 
Mivart and the Quarterly Eeviewer, and these) 
are sometimes so close, that, if Mr. Mivart thought 
it worth while, I think he might make out a 
good case of plagiarism against the Reviewer, who 
studiously abstains from quoting him. 
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Both the Keviewer and Mr. Mivart repioach Mr. 
Darwin with being, like so many other physic¬ 
ists/' entangled in a radically false metaphysical 
system, and with setting at nought the first 
principles of both philosophy and religion. Both 
enlarge upon the necessity of a sound philo¬ 
sophical basis, and both, I venture to add, make a 
conspicuous exhibition of its absence. The 
Quarterly Reviewer believes that man differs 
more from an elephant or a gorilla than do these 
from the dust of the earth on which they tread,” 
and Mr. Mivart has expressed the opinion that 
there is more difference between man and an ape 
than there is between an ape and a piece of 
granite.^ 

And even when Mr. Mivart (p. 8G) trips in a 
matter of anatomy, and creates a difficulty for Mr. 
Darwin out of a supposed close similarity between 
the eyes of fishes and cephalopods, which (as 
Gegenbaur and others have clearly shown) does 
not exist, the Quarterly Reviewer adopts the 
argument without hesitation (p. 66). 

There is another important point, however, in 
wliich it is hard to say whether Mr. Mivart 
diverges from the Quarterly Reviewer or not. 

The Reviewer declares that Mr. Darwin has, 
“ with needless opposition, set at nought the first 
principles of both philosophy and religion ” (p. 
90). 


^ See the TcchUi for March 11, 1871, 
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It looks, at first, as if this meant, that Mr. 
Darwin’s views being false, the opposition to 

religion ” which flows from them must bo need¬ 
less. But I suspect this is not the right view of 
the meaning of the passage, as Mr. Mivart, from 
whom the Quarterly Reviewer plainly draws so 
much inspiration, tells us that “ the consequences 
which have been drawn from evolution, whether 
exclusively Darwinian or not, to the prejudice of 
religion, by no means follow from it, and are in 
fact illegitimate” (p. 5). 

I may assume, then, that the Quarterly 
Reviewer and Mr. Mivart admit that there is no 
necessary opposition between evolution wliether 
exclusively Darwinian or not,” and religion. But 
then, what do they moan by this last much- 
abused term ? On this point the Quarterly 
Reviewer is silent. Mr. Mivart, on the contrary, 
is perfectly explicit, and tlic wliolo tenor of his 
remarks leaves no doubt that by “ rciligion ” he 
means theology ; and by theology, that particular 
variety of the great Proteus, which is expounded 
by the doctors of the Roman Catholic Churcli, and 
held by the members of that religious community 
to be the sole form of absolute truth and of saving 
faith. 

. According to Mr. Mivart, the greatest and most 
orthodox authorities upon matters of Catholic 
doctrine agree in distinctly asserting derivative 
creation” or evolution; ''and thus their teachings 
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harmonise with all that modern science can 
possibly require ” fp. 305). 

I confess that this bold assertion interested me 
more than anything else in Mr. Mivart’s book. 
What little knowledge I possessed of Catholic 
doctrine, and of the influence exerted by Catholic 
authority in former times, had not led me to 
expect that niodern science was likely to find 
a warm weloonie within the pale of the greatest 
and most consistent of theological organisations. 

And my astonishment reached its climax when 
I found Mr. Mivart citing Father Suarez as his 
chief witness in favour of tlic scientific freedom 
enjoyed by Catholics—the popular repute of that 
learned theologian and subtle casuist not being such 
as to make his works a likely place of refuge for 
liberality of thought. But in these days, when 
Judas Iscariot and Robespierre, Henry VIII. 
and Catiline, have all boon shown to he men of 
admirable virtue, far in advance of their age, and 
cousecpxeuily the victims of vulgar prejudice, ib 
was obviously possible that Jesuit Suarez might 
bo in lik(i case. Ami, sjairred by Mr. Mivart’s 
un]i(*.sitaiiug declaration, I hastcru^d to acquaint 
myself with such of the works of the great Catholic 
divine as bore upon the question, hoping, not 
merely to accpiainb myself with the true teachings 
of the infallib](j Church, and free myself of an 
unjust prejudice ; hut, haply, to enable myself, at 
a jmich, to put s(nne Protestmit Inhliolator to 



126 MR. Darwin’s criticis v 

shame, by the bright examjJo of Catliolic freedom 
from the trammels of verbal inspiration. 

I regret to say that iny anticipations have been 
cruelly disappointed. But the extent to which 
my hopes have been crushed can only be fully 
appreciated by citing, in the first place, those 
passages of Mr. Mivart’s work by which they wei'o 
excited. In his introductory chapter I find the 
following passages:— 

‘'The prevalence of this theory [of evolution] 
need alarm no one, for it is, without any doubt, 
perfectly consistent with the strictest and most 
orthodox Christian ^ theology ” (p. 5). 

“Mr. Darwin and others may ]) 0 rha 2 is ha 
excused if they have not devok^l much time to 
the study of Christian j)hiloso 2 )hy; but tliey have 
no right to assume or accept without careful ex¬ 
amination, as an unejuestionod fact, tliat in tlmt 
philosophy there is a necessary antag<mism 
between the two ideas ‘ creation ’ and ‘ (Solution,' 
as applied to organic forms. 

“ It is notorious and i>atent to all who choose to 
seek, that many distinguisluKl Ghrisiian thinkcirs 
have accof>ted, and do accej)!, botli ideas, i.c, both 
‘ creation ’ and ‘ evolution.' 

“As much as ten years ago an eininnntly 
Christian writer observed : ‘ The creationist i,Injury 
does not necessitate the perpetual search tifter 

1 It should bo obsorv(‘(l that Mr. MivaH (MinilovH the tmn 
“ Christian ” as if it wove llui (‘(iuivalent of “ ('atholh?,*' 
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inanifestatioxis of miraculous power and perpetual 
“catastro})lies.” Creation is not a miraculous 
interference with the laws of Nature, but the very 
institution of those laws. Law and regularity, 
not arbitrary intervention, was the patristic ideal 
of creation. With this notion they admitted, 
without difficulty, the most surprising origin of 
living creatures, provided it took place by law. 
They held that when God said, Let the waters 
produce,” Let the earth produce,” Ho conferred 
forces on the elements of earth and water which 
enabled them naturally to produce the various 
species of organic beings. This power, they 
tliought, remains attached to the elements 
throughout all time,’ The same writer quotes 
St. Augustin and St, Thomas Aquinas, to the 
effect that, * in the institution of Nature, we do not 
look for miracles, but for the laws of Nature.’ 
And, again, St. Basil speaks of the continued 
operation of natural laws in the production of all 
organisms. 

So much for the writers of early and modioeval 
times. As to the present day, the author can 
conlideutly affirm there arc many as well 
VfU’sed in theology as Mr, Darwin is in his own 
d(q)artmcnt of natural knowledge, who would not 
be disturbed by the thorough demonstration of his 
th<5ory. Nay, they would not even bo in the least 
painfully aifected at witnessing the generation of 
animals of complex organisation hy the skilful 
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artificial arrangement of natural forces, and tlio 
production, in the future, of a fish by means 
analogous to those by which we now produce 
urea. 

‘'And this because they know that the possi¬ 
bility of such phenomena, though by no moans 
actually foreseen, has yet boon fully provided for 
in the old 2 ->hilosophy centuries before Darwin, or 
even centuries before Bacon, and that their jdace in 
the system can be at once assigned tliem witliout 
even disturbing its order or marring ils harmony. 

" Moreover, the old tradition in this j'cspeet lias 
never been abandoned, however much it may have 
been ignored or neglected by some modern wrii.ers. 
In jjroof of this, it may be observed that perhaps 
no post-media)val theologian has a wid(‘r recc^ption 
amongst Christians throughout tlie world than 
Suarez, who has a separate section ^ in opposil.ion 
to those who maintain tlie distinct creation of th(‘ 
various kinds—or substantial forms—of organic 
life” (pp. 19—21). 

Still more distinctly docs Mr. Mivart cxpiuiss 
himself in the same sense, in his last chaj>t(‘r, 
entitled " Theology and Evolution ” (pp. 1102-5). 

" It appears, then, that Christian thinkers an^ 
perfectly free to accept the general evolution 
theory. But are there any theological authorities 
to justify this view of the matter? 

^ Suarez, Jlfdaphynica, liIdiLiou ViveK. Palis, IStJS, vol. i. 
Diaput. XV. § 2. 
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“Now, considering how extremely recent are 
these biological speculations, it might hardly be 
expected d priori that writers of earlier ages 
should have given expression to doctrines 
harmonising in any degree with such very 
modern views; nevertheless, this is certainly 
the case, and it would bo easy to give numerous 
examples. It will bo better, however, to cite one 
or two authorities of weight. Perhaps no writer 
of the earlier Christian ages could be quoted whose 
authority is more generally recognised than that 
of St. Augustin. The same may be said of the 
mediicval i)eriod for St. Thomas Aquinas: and 
since the movement of Luther, Suarez may 
be taken as an authority, widely venerated, 
and one whose orthodoxy has never been ques¬ 
tioned. 

“ It must be borne in mind that for a consider¬ 
able time even after the last of these writers no 
one had disputed the generally received belief as 
to the small age of the world, or at least of the 
kinds of animals and jjlants inhabiting it. It 
becomes, therefore, much more striking if views 
formed under such a condition of opinion are 
found to harmonise with modern ideas con¬ 
cerning ' Creation' and organic Life, 

“ Now St. Augustin insists in a very remarkable 
manner on the merely derivative sense in which 
God's creation of organic forms is to be under¬ 
stood ; that is, that God created them by confeiring 

VOL. II 
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on the material world the power to evolve them 
under suitable conditions.” 

Mr. Mivart then cites certain passages from St, 
Augustin, St. Thomas Aquinas, and Cornelius k 
Lapide, and finally adds:— 

‘‘As to Suarez, it will bo enough to refer to Disp. xv. s(*,c. 2, 
No. 9, p, 608, t. i. edition Vivus, Paris ; also Nos. If3—15. 
Many other references to the same effect could easily bo given, 
but these may suifico. 

“It is then evident that ancient and most venerable theo¬ 
logical authorities distinctly assert derivative creation, and 
thus their teachings harmonise with all that modern science 
can possibly req^xiire.” 

It will be observed that Mr. Mivart refers sf)lcly 
to Suarez’s fifteenth Disputation, thougli ho ad<ls, 

Many other references to the same effect could 
easily be given.” I shall look anxiously for these 
references in the third edition of the '' Genesis of 
Species.” For the present, all I can say is, tliat 
I have sought in vain, either in the fifteenth 
Disputation, or elsewhere, for any passage in 
Suarez’s writings which, in the slightest degree, 
bears out Mr. Mivart’s views as to his opinions.^ 

The title of this fifteenth Disfiutation is Do 
causa formal! substantial!,” and the second s(‘.ction 
of that Disputation (to which Mr. Mivart refers) 
is headed, Quomoclo possit forma substantialis 
fieri in materia et ex materia ? ” 

^ The edition of Suarez's Disputaiiones from which the follow- 
ing citations are given, is Birckinann’s, in two volumes folio, 
and is dated 1630. 
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Tlie problem which Suarez discusses in this 
place may be popularly stated thus : According to 
the scholastic philosophy every natural body has 
two components—the one its matter ” {materm 
jfrima)y the other its " substantial form ” (forma, 
$ubstantialis)» Of these the matter is everywhere 
the same, the matter of one body being indis¬ 
tinguishable from the matter of any other body. 
That which differentiates any one natural body 
from all others is its substantial form, which 
inheres in the matter of that body, as the human 
soul inheres in the matter of the frame of man, 
and is the source of all the activities and other 
properties of the body. 

Thus, says Suarez, if water is heated, and the 
source of heat is then removed, it cools again. 
The reason of this is that there is a certain inti-- 
mms imncifium ” in the water, which brings it 
back to the cool condition when the external 
impediment to the existence of that condition is 
removed. This intimim princi^ium is the sub¬ 
stantial form ” of the water. And the substantial 
form of the water is not only the cause (radix} of 
the coolness of the water, but also of its moisture, 
of its density, and of all its other properties. 

It will thus be seen that substantial forms " 
play nearly the same part in the scholastic 
philosophy as forces'' do in modern science; the 
general tendency of modern thought being to 
conceive all bodies as resolvable into material 
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particles and forces, in virtue of which last these 
particles assume those dispositions and exercise 
those powers which are characteristic of each 
particular kind of matter. 

But the Schoolmen distinguished two kinds of 
substantial forms, the one spiritual and the other 
material. The former division is represented by 
the human soul, the anima rationalis; and they 
affirm as a matter, not merely of reason, but of 
faith, that every human soul is created out of 
nothing, and by this act of creation is endowed 
with the power of existing for all eternity, apart 
from the materia •grima of which the corporeal 
frame of man is composed. And the anima 
mtionalis, once united with the materia grima of 
the body, becomes its substantial form, and is the 
source of all the powers and faculties of man—of 
all the vital and sensitive phenomena which he 
exhibits—^just as the substantial form of water is 
the source of all its qualities. 

The “material substantial forms” are those 
which inform all other natural bodies except that 
of man; and the object of Suarez in the present 
Disputation, is to show that the axiom “ ex nihilo 
nihil though not true of the substantial form 
of man, is true of the substantial forms of all 
other bodies, the endless mutations of which 
constitute the ordinary course of nature. The 
origin of the difficulty which he discusses is easily 
comprehensible. Suppose a piece of bright iron 
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to l«i oxpo.stMl io iho air. Tlic existence of the 
iron <!o|H‘1m!s ou the presctiicc within it of a sub¬ 
stantial form, which is the cause of its properties, 
e,g. brightness, hardness, weight. But, by degrees, 
tlie iron becomes converted into a mass of rust, 
which is dull, and soft, and light, and, in all other 
respe(*,ts, is (juite different from the iron. As, in 
the scholiistic view, this difference is due to the 
rust being informed by a now substantial fonn, 
the grave problem arises, how did this new sub¬ 
stantial form come into being? Has it been 
cr<‘ated ? or has it arisen by the power of natural 
causation? If the former hypothesis is correct, 
then the axiom, ex nihilo nihil Jit^' is false, even 
in relation to the ordinary course of nature, seeing 
that such mutations of matter as imply the 
contimial origin of now substantial forms are 
occurring every moment. But the harmonisation 
of Aristotle with theology was as dear to the 
Hchoolmen, as the smoothing down the differences 
botwi^en Moses and science is to our Broad Church¬ 
men, and they were proportionably unwilling to 
contradict one of Aristotle’s fundamental proposi¬ 
tions. Nor was their objection to flying in the face 
of the Stagirito likely to be lessened by the fact 
that such flight landed them in flat Pantheism. 

Sp Father Suarez fights stoutly for the second 
hypothesis; and I quote the principal part of his 
argumentation as an exquisite specimen of that 
speech which is a '' darkening of counsel.” 
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“13. Secundo de omnibus aliis formis substantialibus [sc. 
materialibus] dicendum est non fieri lu'oprie ex niliilo, sed ex 
potentia prsejacentis materise educi: ideo(j[ue in elTectione Iiarum 
formarum nil fieri contra illud axioma, Bx nihilo nihil fit^ si 
recte intelligatur. Hsec assertio sumitur ex Aristotele 1. Phy- 
sicorum per totum et libro 7. Metapbyss. et ex aliis auctoribus, 
<iuos statim referam, Et declaratur breriter, nam fieri ex 
uibilo duo dicit, unum est fieri absolute et simpliciter, aliud est 
quod talis elTectio fit ex nihilo. Primuni proprife dicitur do re 
subsistente, quia ejus est fieri, cujus est esse: id autcm proprie 
quod subsistit et haliet esse ; nam quod alteri adjaeet, potius est 
quo aliud est. Ex hac ergo parte, formae substantiales mate- 
riales non fiunt ex nihilo, quia proprio non fiunt. Atque hanc 
rationem reddit Divus Thomas 1 parte, quoestione 45, articulo 
8, et qusestione 90, articulo 2, et ex dicendis magis expJicabitur, 
Sumendo ergo ipsura Jieri in hac proprietate et rxgore, sic fieri 
ex nihilo est fieri secundum so totum, id est nulla sui parte 
prjesupposita, ex quo fiat. Et hac ratione res naturales dum de 
noYo fiunt, non fiunt ex nihilo, quia fiunt ex prassupposita 
materia, ex qua componuntur, et ita non fiunt, secundum ae 
totoe, sed secundum aliquid sui. Formae autem hanun rerum, 
([uamYis revera totam suam entitatem de novo accipiant, quam 
antoa non habebant, quia vero ipsse non fiunt, ut dictum est, 
idco neque ox nihilo fiunt. Attamon, quia latiori modo sumendo 
verbum illud fieri negari non potest: quin forma facta sit, eo 
modo quo nunc est, et antea non erat, ut etiam proltat mtio 
dubitandi iiosita in principio sectionis, ideo addendum est, 
sumpto fieri in hac amplitudine, fieri ex nihilo non tamen 
nogare habitudinem materialis causes intrinsec6 componentis id 
quod fit, sed etiam habitudinem causaj materialis per sc causantis 
et sustontantis formam qusn fit, sou confit. Diximus onim in 
superioribus materiam et esse causam compositi et formas 
dependontis ab ilia : ut res ergo dicatur ex nihilo fieri utenpie 
modus causal itatis negari debet j et eodem sensu accipiondum 
est illud axioma, ut sit verum: Ex nihilo nihil fit^ scilicet 
virtute agentis naturalis et finiti nihil fieri, nisi ex prflesupposito 
subjeeto per se conourrente, ot ad eompositum ct ad forrnam, si 
utrumque suo modo ab eodem agonte fiat. Ex his ergo rectit 
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ooaeUuUtur, fonnas suhstantiales inateriales non fieri ox nihilo, 
([uia fiunt cx materia, <|uai iu suo geiiere per sc concurrit, et 
iiiiluit ad esse, et fieri taliiim forniaruua; quia, sicut esse non 
possunt nisi aifixse matcrise, a qua sustentenfcur in esse : ita nec 
fieri X)ossmit, nisi earum eifectio et penetratio in eadem materia 
sustentetur. Et haec est propria et per se differentia inter 
efiectionem cx nihilo, et ex aliquo, propter quam, ut infra 
ostendemus, jirior modus effieiendi superat vim finitam natu- 
raliain agentium, non vero posterior* 

“14, Ex his etiam constat, proprie de his formis dici non 
creari, sed educi de potentia materise. ” ^ 

If I may venture to interpret these hard say¬ 
ings, Suarez conceives that the evolution of 
substantial forms in the ordinary course of nature, 
is conditioned not only by the existence of the 
materia j)rima, but also by a certain concurrence 
and influence^' which that materia exerts; and 
every new substantial form being thus conditioned, 
and in part, at any rate, caused, by a pre-existing 
something, cannot bo said to bo created out of 
nothing. 

But as the whole tenor of the context shows, 
Suarez applies this argumentation merely to the 
evolution of material substantial forms in the 
ordinary course of nature. How the substantial 
forms of animals and plants primarily originated, 
is a question to which, so far as I am able to 
discover, he does not so much as allude in his 
“ Metaphysical Disputations.” Nor was there any 
necessity that he should do so, inasmuch as he 


^ Suarez, loc. cii. Disput. xv. § ii. 
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has devoted a separate treatise of considerable 
bulk to the discussion of all the problems which 
arise out of the account of the Creation which is 
given in the Book of Genesis. And it is a 
matter of wonderment to me that Mr. Mivart, 
who somewhat sharply reproves Mr. Darwin and 
others ” for not acquainting themselves with the 
true teachings of his Church, should allow 
himself to be indebted to a heretic like myself 
for a knowledge of the existence of that “ Trac- 
tatus de opere sex Dierum,'' ^ in wliich the learned 
Father, of whom he justly speaks, as an 
authority widely venerated, and whose orthodoxy 
has never been questioned,” directly opposes all 
those opinions for which Mr. Mivarb claims the 
shelter of his authority. 

In the tenth and eleventh chapters of the first 
book of this treatise, Suarez inquires in what sense 
the word day,” as employed in the first chapter 
of Genesis, is to be taken. He discusses the 
views of Philo and of Augustin on this question, 
and rejects them. He suggests tliat the ajDproval 
of their allegorising interpretations by St. Thomas 
Aquinas, merely arose out of St. Thomas's 
modesty, and his desire not to seem openly to 
controvert St. Augustin—‘‘ voluisse Divus Thomas 


^ Tmetatus do opere sex Diemm, scu do Univnrsi CreatimCt 
quatenm sex diehus perfecta esse, in libro Genesis cap. i. referitir^ 
ctprcoscrUm de prodnetwne limninis in statu innoccntice. Ed. 
Bircknianu, 1622. 
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pi’o sua modcstia subterfugere vim argnmenti 
potius qiiam aperto Augustinum inconstantise 
arguere." 

Finally, Suarez decides that the writer of 
Genesis meant that the term “ day ” should be 
taken in its natural sense; and he winds up the 
discussion with the very just and natural remark 
that “ it is not probable that God, in inspiring 
Moses to write a history of the Creation which 
was to be believed by ordinary people, would 
have made him use language, the true meaning of 
which it is hard to discover, and still harder to 
believe.” ^ 

And in chapter xii. 3, Suarez further ob¬ 
serves :— 

Ratio euim retinendi veram significatioiicin diei naturalis 
est ilia communis, quod verba Scripturse non sunt ad metaphoras 
transferenda, nisi vel necessitas cogit, vel ex ipsa scriptura 
eonstet, et raaximb in bistorica narratione et ad instructionom 
fidei pertinents: sed hoec ratio non minus cogit ad intelligendum 
])ropriii dienim numerum, quam diei qualitatem, quia non 

MINUS UNO MODO QUAM ALIO UESTRUITUB SINCERITAS, IMO ET 

VERITAS niSTORiJR. Secuiulo hoc valdo confirmant alia Scripturce 
loca, in quibus hi sex dies lanquam veri, et inter se distincti 
commemorantur, ut Exod. 20 dicitur, Sex diebus operahis et 
facies omnia opera tua^ septi/tno autem die Sahbatum Domini Dei 

1 ‘ Propter base ergo sententia ilia Augustini et propter nimiam 
obscuritatem et subtilitatem ejus dillicilis creditu est: quia 
verisimile non est Deum inspirasse Moysi, ut historiam de 
creatione mundi ad fidem totius populi adeo necessariam per 
nomina dierum explicaret, quorum si^ificatio yix invenin et 
difiicilliine ab aliquo credi posset.^' (Zoc. cit. Lib. I. cap. xi. 
42.1 
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tui est Et infra: Sex enim dielus fecit JDominus c(&lvm ct 
terram et mare et omnia quce in eis sunt, et idem repetitur in 
cap, 31, In quibus locis sennonis proi)rictas colligi potest turn 
ex sequiparatione, nam cum dicitur: sex diehus operabis, pro- 
priissimfe intelligitur: turn quia non est verisimile, potuisse 
populum intelligere verba ilia in alio sensu, et h contrario in- 
credibilo est, Deum in suis prjeceptis tradendis illis verbis ad 
populum fuisse loquutum, quibus deciperetur, falsum sensum 
concipiendo, si Dens non per sex veros dies opera sua feeisset.^* 


These passages leave no doubt that this great 
doctor of the Catholic Church, of unchallenged 
authority and unspotted orthodoxy, not only 
declares it to be Catholic doctrine that the work 
of creation took place in the space of six natural 
days ; but that he warmly repudiates, as inconsist¬ 
ent with our knowledge of the Divine attributes, 
the supposition that the language which Catholic 
faith requires the believer to hold that God 
inspired, was used in any other sense than that 
which He knew it would convey to the minds of 
those to whom it was addressed. 

And I think that in this repudiation Father 
Suarez will have the sympathy of every man of 
common uprightness, to whom it is certainly 
‘"incredible” that the Almighty should have acted 
in a manner which He would esteem dishonest 
and base in a man. 

But the belief that the universe was created in 
six natural days is hopelessly inconsistent with 
the doctrine of evolution, in so far as it applies to 
the stars and planetary bodies; and it can be 
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made to agree with a belief in the evolution of 
living beings only by the supi)osition that the 
plants and animals, which are said to have been 
created on the third, fifth, and sixth days, were 
merely the primordial forms, or rudiments, out of 
which existing plants and animals have been 
evolved; so that, on these days, plants and 
animals were not created actually, but only 
potentially. 

The latter view is that held by Mr. Mivart, who 
follows St. Augustin, and implies that he has the 
sanction of Suarez, But, in point of fact, the 
latter great light of orthodoxy takes no small 
pains to give the most explicit and direct contra¬ 
diction to all such imaginations, as the following 
passages prove. In the first place, as regards 
plants, Suarez discusses the problem :— 

Quomodo herba mrem et coetera v&getabilia hoc [tcriio'\ die 
fn>erint producta, ^ 

“ Pi'incii^ua euini difficultas liic est, (iimm attingit Div. Thomas 
1, ]>aT. qn. 69, art. 2, an Ixcec ^xroductio plantanim hoc die facta 
iutclligenda sit do prodnetione ipsarum in proprioesse aetualict 
formali (ut sic rein explioerem) vel de productione tantum in 
semine et in potentia. Nam Divns Augustinus libro quinto Genes, 
ad liter, cap. 4 et 6 et libro 8, cap. 8, posteriorem partem tradit, 
dicens, torram in hoc die accepisse virtutem germinandi omnia 
vegetabilia quasi concopto omnium illorum semine, non tamen 
statini vegetabilia omnia produxisse. Quod primo suadet verbis 
illis capitis secundi. Jn die quo fecit Leus caelum et terram et 


^ hoc, cit. Lib. II. cap. vii. et viii. 1, 32, 36. 
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(mne virguUmn agri prittsgttavi (jerminatcL Qiioniodo eiiiin 
potuerunt virgulta fieri antc(iuain terra germinarct nisi quia 
causaliter prius et quasi in radice, seu in soniinc facta sunt, et 
postea in actu producta? Secundo confirmari potest, quia 
verbum illud germinet terra optime exponitur potestative ut sic 
dicam, id est accipiat terra vim germinandi. Sicut in codom 
capite dieitiiT crcsciteet muUipUcammt Tertio potest confirmari, 
quiaactualis productio vegetabilium non tarn ad opus creationis, 
quain ad opus propagationis pertinet, quod postea factum est. 
Et banc sententiam sequiturEueberius lib. 1, in Gen. cap. 11, et 
illi faveat Glossa, interli. Hugo, et Lyran. duni verbum 
gcTTiiinet dicto inodo exponunt. NniiLOMiNUs contuakia 
SENTENTIA TENENDA EST ; SCILICET, PllODtJXISSE DeUM II Of! 
DIE HERBAM, AliBORES, ET ALIA VEOETABILIA ACTIT IN l‘ROPIlIA 
SPECIE ET NATURA, Hajc cst communis sententia Patrum.-*' 
Basil, bomil. 6; Exsemer. Ambros. lib. 3 ; Exjemer, cap. 8, 
11, et 16 ; Cbrysost. bomil, 5 in Gen. Damascene, lib. 2 do Fid. 
cap. 10 ; Theodor. Cyrilli. Bedfie, Glossfc ordinarias et alionwn in 
Gen. Et idem sentit Divus Thomas, supra^ solvens argumenta 
Augustini, quamvis propter reverentiam ejus quasi problcmaticc 
semper procedat, Denique idem sontiuut onmes qui in his 
operibus veram suocessionem ct teiuporalom distinctioa(‘m 
agnoseant. 

Secondly, with rospoct to animals, Suarez is no 
less decided:— 

** De animalium raiione carertiimn^ protlueiiom qtmUo et sejito 
die facta?- 

'*32. Primo ergo nobis certum sit luce aiiimantia non in 
virtute taiitum aut in somine, sod actu, (‘t in scipsis, fauin fukse 
his diebus in quibus facia narrantur. Quanquam Augustinun 
lib. 3, Gen. ad liter, cap. 5 in sua persistens sententia (jontrarium 
sen tire videatur."' 


But Suarez proceeds to refute Augustin's 

1 Zoc. eit. Lib. II. cap. vii. ot viii. 1, 32, 35. 
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opinions at groat length, and his final judgment 
may bo gathere<l from the following passage:— 

T«rtio rlicendum ost, base aiximalia omnia his diebus 
produ<5ta tisso, IN pkiife<!to statu, in singulis individxjis, seu 
kpkciebuh huxs, juxta uniuscujusque natttjram .... 
Itaque fubeukt omnia ukeata inteoiia et omnibus suis 
MEM Bias rKUKEliTA.'' 

As rcganls the creation of animals and plants, 
fclujrcforc, it is clear that Suarez, so far from 
distinctly asserting derivative creating,^’ denies 
it IIS distinctly an<l positively as he can; that 
he, is at much pains to refute St. Augustinus 
opinions; that he docs not hesitate to regard 
the faint actpiiescence of St. Thomas Aquinas in 
the views of his brother saint as a kindly subter¬ 
fuge on the part of Divus Thomas; and that he 
affirms his own view to be that which is supported 
by the authority of the Fathers of the Church. 
So that, when Mr. Mivart tells us that Catholic 
theology is in harmony with all that modem 
science can possibly require; that to the general 
theory of evolution, and to the special Darwinian 
form of it, no exception . . . need be taken on 
tlxc ground of orthodoxy;” and that “law and 
regularity, not arbitrary intervention, was the 
Patristic ideal of creation,” we have to choose 
between his dictum, as a theologian, and that 
of a gn‘at light of his Church, whom he him¬ 
self declares to bo “widely venerated as an 
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authority, and whose orthodoxy has never been 
questioned/’ 

But Mr. Mivart does not hesitate to push his 
attempt to harmonise science with Catholic 
orthodoxy to its utmost limit; and, while 
assuming that the soul of man arises from 
immediate and direct creation,” he supposes that 
his body was “ formed at first (as now in each 
separate individual) by derivative, or secondary 
creation, through natural laws ” (p, S31). 

This means, I presume, that an animal, having 
the corporeal form and bodily powers of man, may 
have been developed out of some lower form of 
life by a process of evolution; and that, after this 
anthropoid animal had existed for a longer or 
shorter time, God made a soul by direct creation, 
and put it into the manlike body, which, hereto¬ 
fore, had been devoid of that anwia 
which is supposed to be man’s distinctive 
character. 

This hypothesis is incapable of either proof or 
disproof, and therefore may be true; but if 
Suarez is any authority, it is not Catholic 
doctrine. “ Nulla est in homino fonna educta do 
potentia materiae,” ^ is a dictum which is absolutely 
inconsistent with the doctrine of the nattiral 
evolution of any vital manifestation of the hxnnan 
body. 

Moreover, if man existed as an animal before 
^ Disput, XV. § X. No. 27. 
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he was provided with a rational soul, ho must, in 
accordance with the elementary requirements of 
the philosophy in which Mr. Mivart delights, have 
]>ossessed a distinct sensitive and vegetative soul, 
or souls. Hence, when the breath of life was 
breathed into the manlike animal's nostrils, he 
must have already been a living and feeling 
ertiature. But Suarez particularly discusses this 
point, and not only rejects Mr. Mivart's view, but 
ado})ts language of very theological strength 
regarding it. 

** Posfiont prmtorca his adjungi argumenta theologiua, ut est 
ilhul <|uod suinittir cx illis verbis Genes, 2. Formmit Dcm 
hmiimm ex Umo ierrw ct im;pirmit in faeiem ejm spiramlum 
%ilm c6 fadus est homo in animam viventeon: ille enim spiritus, 
c|uain Dens sj)iravit, anima rationalis fuit, et pee eadem FAcrtrs 
EST HOMO VrVBNS, ET OONSQUENTEE, ETIAM SENTIENS. 

Aliud est ex YlII. Bynodo Generali quasost Oonstantinopol- 
itana IV. can, 11, qui sic habot. Apparel quosdwm in iantmn 
impidatis venisse ut homines duos animas habere dogmeUizeut .* 
ialU iyitur impictatis in'oentorcs et similes sapieniesj cum Telus 
d Nomm Tcstame'nt%m omnesque Bcelesim patres unam animam 
mlmxalmn hoviinem habere assomrenU Sancta et universalis. 
Hynodus wmihemalimty ^ 

Moreover, if the animal nature of man was the 
result of evolution, so must that of woman have 
been. Btit the Catholic doctrine, according to- 
Suarez, is that woman was, in the strictest and 
most literal sense of the words, made out of the 
rib of man. 


‘ Dispnt. XV. ** De cansa fonnali snbstantiali," § x. No. 24. 
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“ Niiilominus sententia Catholioa est, verba lUa Scripturse 
esse ad literam intelligenda. Ac pboinbe verb, ao eeaIjITER, 
TTJLISSE DbXJM CoSTAM APAMiB, ET, EX ILLA, CORPUS EViS 
FORMASSB.” ^ 

Nor is there any escape in the supposition that 
some woman existed before Eve, after the fashion 
of the Lilith of the rabbis; since Suarez qualifies 
that notion, along with some other Judaic 
imaginations, as simply damnabilis/’ ^ 

After the perusal of the Tractatus de Opero ” 
it is, in fact, impossible to admit that Suarez held 
any opinion respecting the origin of species, except 
such as is consistent with the strictest and most 
literal interpretation of the words of Genesis. 
For Suarez, it is Catholic doctrine, that the world 
was made in six natural days. On the first of 
these days the materia prima was made out of 
nothing, to receive afterwards thosesubstantial 
forms*’ which moulded it into the universe of 
things; on the third day, the ancestors of all 
living plants suddenly came into being, full-grown, 
perfect, and possessed of all the properties which 
now distinguish them; while, on the fifth and 
sixth days, the ancestors of all existing animals 
were similarly caused to exist in their complete 
and perfect state, by the infusion of their appro¬ 
priate material substantial forms into the matter 

1 Tractatus de Opere, Lib. III. “ De liominis creationo/* cap. 
ii. 35To. 3. ^ 

^ Hid. Lib. III. cap. iv. Nos. 8 and 9 
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which had already been created. Finally, on the 
sixth clay, tiic miima o^ationalis —that rational and 
immortal substantial form which is peculiar to 
man—was created out of nothing, and breathed 
into ” a mass of matter which, till then, was mere 
dust of the earth, and so man arose. But the 
species man was represented by a solitary male 
individual, until the Creator took out one of his 
ribs and fashioned it into a female. 

This is the view of the Genesis of Species ” 
held by Suarez to be the only one consistent with 
Catholic faith: it is because he holds this view to 
be Catholic that he does not hesitate to declare 
St. Augustin unsound, and St. Thomas Aquinas 
guilty of weakness, when the one swerved from 
this view and the other tolerated the deviation. 
And, until responsible Catholic authority—say, 
for example, the Archbishop of Westminster— 
formally declares that Suarez was wrong, and 
that Catholic priests are free to teach their flocks 
that the world was %ot made in six natural days, 
and that plants and animals were not created in 
their perfect and complete state, but have been 
evolved by natural processes through long ages 
from certain germs in which they were potentially 
contained, I, for one, shall feel bound to believe 
that the doctrines of Suarez are the only ones 
which are sanctioned by Infallible Authority, as 
represented by the Holy Father and the Catholic 
Church. 
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I need hardly add that they are as absolutely 
denied and repudiated by Scientific Authority, as 
represented by Reason and Fact. The question 
whether the earth and the immediate progenitors 
of its present living population were made in six 
natural days or not is no longer one upon which 
two opinions can be held. 

The fact that it did not so come into being 
stands upon as sound a basis as any fact of 
history whatever. It is not true that existing 
plants and animals came into being within three 
days of the creation of the earth out of nothing, for 
it is certain that innumerable generations of other 
plants and animals lived upon the earth before 
its present population. And when, Suiulay after 
Sunday, men who profess to be our instructors in 
righteousness read out the statement, “In six 
days the Lord made heaven and earth, the sea, 
and all that in them is," in ixmumerable churches, 
they are either propagating what they may easily 
know, and, therefore, ai*c bound to know, to be 
falsities; or, if they use the words in some non- 
natural sense, they fall below the moral standartl of 
the much-abused Jesuit. 

Thus far the contradiction between Catholic 
verity and Scientific verity is compkito and 
absolute, (piitc independently of the truth or false¬ 
hood of the doctrine of evolution. But, for thosc^ 
who holdtlio doctrine of evolution, all the Catholic 
verities about the creation of living beings must 
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h* ii<» l**Ks falH<\ For ilujin, tlic assertion that the 
pro^aaiiturs of all oxintijig plants were made on the 
third day, <»f animals on the fifth and sixtli days, 
in the fianns they now pnisout, is simply false. 
N(»r can thoy admit that man was made suddenly 
out of tlio dust of th(^ (‘arth ; while it would be an 
insidt to ask an (wolutiouist wlicthorho credits the 
pro|MhHtorouH fal)I(i resj)ecting tlic fabrication of 
woman to which Huaro:?^ pirns his faith. If Suarez 
has riglitly stated tJatholic doctrine, then is 
evolution uttcu* heresy. And such I believe it to 
be, in addition to the trutli of the doctrine of 
(Solution, ind(U‘d, oiui of its greatest merits in 
my eyes, is iht*. fact that it occupies a position of 
(•oinplet(} and irrcjcoucilahlo antagonism to that 
vigorous and consisttmt enemy of tins highest intol- 
le(‘,tuab nn^rnl, juid socjial life of mankind—the 
(Jatholic (Ihurch. No doubt, Mr. Mivart, like 
other putters of mnv wim^ into old bottles, is 
actuab^d by motiv<‘S which are wortliy of respect, 
and even <d sympa.thy; but his attempt has irict 
with the faUi whi(di ilu^ Hcripturc propliesies for 
ail HU(tln 

(lailiolie theology, like all theologies which arc 
based upon the assumption of the truth of the 
{WKjount of the origin of things givoii in the Book 
of (hmesis, bedng utbtrly irr<‘Concilal)Ic with the 
<l(Md.nne <jV(dtition,tiht^ sbidont of science, who is 
Hatisfh*d that tluj (wi<lence upon wliich the doctrine 
of ijvolution rests, is incomparably stronger and 

2 
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better than that upon which the supposed author¬ 
ity of the Book of Genesis rests, will not trouble 
himself further with these theologies, but will 
confine his attention to such arguments against 
the view he holds as are based upon purely 
scientific data—and by scientific data I do not 
merely mean the truths of physical, mathematical, 
or logical science, but those of moral and meta¬ 
physical science. For by science I understand 
all knowledge which rests upon evidence and 
reasoning of a like character to that which claims 
our assent to ordinary scientific propositions. And 
if any one is able to make good the assertion that 
his theology rests upon valid evidence and sound 
reasoning, then it appears to me that such theology 
will take its place as a part of science. 

The present antagonism between theology and 
science does not arise from any assumption by the 
men of science that all theology must necessarily 
be excluded from science, but simply because 
they are unable to allow that reason and morality 
have two weights and two measures ; and that the 
belief in a proposition, because authority tells you 
it is true, or because you wish to believe it, which 
is a high crime and misdemeanour when the sub-* 
ject matter of reasoning is of one kind, becomes 
under the alias of faith the greatest of all 
virtues when the subject matter of reasoning is of 
another kind. 

The Bishop of Brechin said well the other 
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(lay:—Liberality in religion—I do not mean 
tender and generous allowances for the mis¬ 
takes of others—is only unfaithfulness to truth.” ^ 
And, with the same qualification, I venture 
to paraphrase the Bishop’s dictum: Eccle- 
siasticism in science is only unfaithfulness to 
truth,” 

Elijah’s great question, Will you serve God or 
Baal ? Choose ye,” is uttered audibly enough in 
the ears of every one of us as we come to man¬ 
hood. Let every man who tries to answer it 
seriously ask himself whether he can be satisfied 
with the Baal of authority, and with all the good 
things his worshippers are promised in this world 
and the next. If he can, let him, if he be so 
inclined, amuse himself with such scientific imple¬ 
ments as authority tells him are safe and will not 
cut his fingers; but let him not imagine he is, or 
can bo, both a true son of the Church and a loyal 
soldier of science. 

And, on the other hand, if the blind acceptance 
of authority appears to him in its true colours, as 
more private judgment in excelsis, and if he have 
the courage to stand alone, face to face with the 
abyss of the eternal and unknowable, let him be 
content, once for all, not only to renounce the good 
things promised by '^Infallibility,” but even to 
bear the bad things which it prophesies; content 

I Ohiuge at tlio Biociftsan Synod of Brechin, Scotsma%^ Sept, 
14, 1871. 
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to follow reason and fact in singleness and honesty 
of purpose, wherever they may lead, in the sure 
faith that a hell of honest men will, to him, be 
more endurable than a paradise full of angelic 
shams. 

Mr. Mivart asserts that without a belief in a 
personal God there is no religion worthy of the 
name.” This is a matter of opinion. But it may 
be asserted, with less reason to fear contradiction, 
that the worship of a personal God, who, on Mr. 
Mivart's hypothesis, must have used language 
studiously calculated to deceive His creatures and 
worshippers, is no religion worthy of the name.” 

Incredible est, Deum illis verbis ad populum 
fuisse locutum quibus deciperetur,” is a verdict in 
which, for once, Jesuit casuistry concurs with the 
healthy moral sense of all mankind. 

Having happily got quit of the theological 
aspect of evolution, the supporter of that great 
truth who turns to the scientific objections whicli 
are brought against it by recent criticism, finds, to 
his relief, that the work before him is greatly 
lightened by the spontaneous retreat of the enemy 
from nine-tenths of the territory which he occu¬ 
pied ten years ago. Even the Quarterly Keviewer 
not only abstains from venturing to deny that 
evolution has taken place, but he openly admits 
that Mr. Darwin has forced, on men*s minds " a 
recognition of the probability, if not more, of 
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evolution, and of the certainty of the action of 
natural selection (p. 49). 

I do not quite see, myself, how, if the action of 
natural selection is certain, the occurrence of evolu¬ 
tion is oviij ^rdballe; inasmuch as the development 
of a new species by natural selection is, so far as 
it goes, evolution. However, it is not worth while 
to •* quarrel with the precise terms of a sentence 
which shows that the high water mark of intelli¬ 
gence among those most respectable of Britons, the 
readers of the Quarterly Bemew, has now reached 
such a level that the next tide may lift them 
easily and pleasantly on the once-dreaded shore of 
evolution. Nor, having got there, do they seem 
likely to stop, until they have reached the inmost 
heart of that great region, and accepted the ape 
ancestry of, at any rate, the body of man. For 
the Reviewer admits-that Mr. Darwin can be said 
to have established: 

“That if the various kinds of lower animals have been 
evolved one from the other by a process of natural generation 
or evolution, then it becomes highly probable, d priori, that 
man's body has been similarly evolved; but this, in such a 
case, becomes equally probable from the admitted fact that he is 
an animal at all" (p. 65). 

From the principles laid down in the last sen¬ 
tence it would follow that if man were constructed 
upon a plan as different from that of any other 
animal as that of a sea-urchin is from that of a 
whale, it would be equally probablethat he 
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had beea developed from some other animal as it 
is now, when we know that for every hone, muscle, 
tooth, and even pattern of tooth, in man, there is a 
corresponding bone, muscle, tooth, and pattern of 
tooth, in an ape. And this shows one of two things 
—either that the Quarterly Reviewer’s notions of 
probability are peculiar to himself, or that he has 
such an overpowering faith in the tnith of evolution 
that no extent of structural break between one 
animal and another is sufficient to destroy his con¬ 
viction that evolution has taken place. 

But this by the way. The importance of the 
admission that there is nothing in man’s physical 
structure to interfere with his having been evolved 
from an ape is not lessened because it is grudg¬ 
ingly made and inconsistently qualified. And in¬ 
stead of jubilating over the extent of the enemy’s 
retreat, it will be more worth while to lay siege to 
his last stronghold—the position that there is a 
distinction in kind between the mental factxltios 
of man and those of brutes, and that in consequence 
of this distinction in kind no gradual progr(‘SS 
from the mental faculties of the one to those of the 
other can have taken place. 

The Quarterly Reviewer entrenches himself 
within formidable-looking psychological outworks, 
and there is no getting at him without attacking 
them one by one. 

He begins by laying down the following pro¬ 
position. ' Sensation ’ is not ' thought/ and no 
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amount of the former would constitute the most 
rudimentary condition of the latter, though sen¬ 
sations supply the conditions for the existence of 
‘thought’ or ‘knowledge’ ” (p. 67). 

This proposition is true, or not, according to the 
sense in which the word “ thought ’’ is employed. 
Thought is not uncommonly used in a sense co¬ 
extensive with consciousness, and, especially, with 
those states of consciousness we call memory. If I 
recall the impression made by a colour or an odour, 
and distinctly remember blueness or muskiness, I 
may say with perfect propriety that I “ think of” 
blue or musk; and, so long as the thought lasts, 
it is simply a faint reproduction of the state of 
consciousness to which I gave the name in question, 
when it first became known to me as a sensation. 

Now, if that faint reproduction of a sensation, 
which we call the memory of it, is properly termed 
a thought, it seems to me to be a somewhat forced 
proceeding to draw a hard and fast line of demar¬ 
cation between thoughts and sensations. If sen¬ 
sations are not rudimentary thoughts, it may be 
said that some thoughts are rudimentary sensations. 
No amount of sound constitutes an echo, but for 
all that no one would pretend that an echo is some¬ 
thing of totally different nature from a sound. 
Again, nothing can be looser, or more inaccurate, 
than the assertion that “sensations supply the 
conditions for the existence of thought or know¬ 
ledge.” If this implies that sensations supply the 
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conditions for the existence of our memory of sen¬ 
sations or of our thoughts about sensations, it is a 
truism which it is hardly worth while to state so 
solemnly. If it implies that sensations supply any¬ 
thing else, it is obviously erroneous. And if it 
means, as the context would seem to show it does, 
that sensations are the subject-matter of all thought 
or knowledge, then it is no less contrary to fact, 
inasmuch as our emotions, which constitute a large 
part of the subject-matter of thought or of know¬ 
ledge, are not sensations. 

More eccentric still is the Quarterly Eeviewer's 
next piece of psychology. 

“ Altogether, we may clearly distinguish at least six kinds of 
action to which the nervous system ministers 

“ I. That in which impressions received result in appropriate 
movements without the intervention of sensation or thought, as 
in the cases of injury above given.—This is the ruilex action of 
the nervous system. 

“ 11. That in which stimuli from without result in sensations 
through the agency of which their due effects are wrought out. 
—Sensation. 

“ III. That in which impressions received result in sensations 
which give rise to the observation of sensible objects.—Sensi]>le 
perception. 

*‘IV. That in which sensations and perceptions (jontinuo to 
coalesce, agglutinate, and combine in more or loss conii)lex 
aggregations, according to the laws of the association of sensible 
perceptions. —A ssociation. 

“The above four groups contain only indeliberate operations, 
consisting, as they do at the best, but of mere prmMaUw 
sensible ideas in no way implying any rellective or represmlatiw 
faculty. Such actions minister to and form Instimt. Bosi<los these, 
we may distinguish two other kinds of mental action, namely :— 
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“V. That in which sensations and sensible perceptions are 
reilected on by thouf^ht, and recognised as onr own, and wo 
ourselves recognised by ourselves as affected and perceiving.— 
8el f-consciou.sness. 

“VI. That ill which we reflect upon our sensations or 
perceptions, and ask what they are, and why they are.—^Reason. 

“These two latter kinds of action are deliberate operations, 
performed, as they arcs by means of representative ideas imply¬ 
ing the use of a reflective representative faculty. Such actions 
distinguish the intellect or rational faculty. Now, we assert 
that possession in perfection of all the first four {presentative) 
kinds of action by no means implies the possession of the last 
two {reprosontative) kinds. All persons, we think, must admit 
the truth of the following x^toposition :— 

“ Two faculties are distinct, not in degree but in Mnd, if we 
may possess the one in perfection without that fact implying 
that we ])Oss(iSR the otluJT also. Still more will this be the ease 
if the two faculties tend to increase in an inverse ratio. Yet 
this is tlui distinction between the iTistinctiva and ^(iintellecl'ml 
X)arts of man’s nature. 

“As to animals, we fully admit that they may possess all the 
first four grou])S of actions—that they may liave, so to speak, 
menial images of sensible objects combined in all degrees of 
({oni])h‘,xity, as governed by the laws of association. We deny 
to them, on th(‘, other hand, the possession of the last two kinds 
of m«‘ntal action. We deny them, that is, the power of reflecting 
on their own existences, or of in<xuiring into the nature of objects 
and their causes. Wc deny that they know that they know or 
know thmiiselvos in knowing. In other words, we deny them 
Tomon, I’hft poHSOHsioii of the presentative faculty, as above 
(^xxdaincd, in no way implies that of the reflective faculty; nor 
does any amount of direct operation imply the power of asking 
the rellftctivo (j^uestion before mentioned, as to *what’ and 
‘ why,* ” (to. cit pj). 67, 68.) 

Biindry points arc worthy of notice in this 
Wiinarkablc account of the intellectual powers. In 
the first place the Reviewer ignores emotion and 
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volition, though they are no inconsiderable “ kinds 
of action to which the nervous system ministers,” 
and memory has a place in his classification only 
by implication. Secondly, wo are told that the 
second *'kind of action to which the nervous 
system ministers ” is that in which stimuli from 
without result in sensations through the agency 
of which their due effects are wrought out.— 
Sensation.” Does this really mean that, in the 
writer’s opinion, “sensation” is the “agent” by 
which the “due effect” of the stimulus, which 
gives rise to sensation, is “ wrought out ” ? 
Suppose somebody runs a pin into me. The 
“due effect” of that particular stimulus will 
probably be threefold; namely, a sensation of 
pain, a start, and an interjectional expletive. 
Does the Quarterly Reviewer really think that 
the “ sensation ” is the “ agent ” by which the 
other two phenomena are wrought out ? 

But these matters are of little moment to 
anyone but the Reviewer and those persons who 
may incautiously take their physiology, or psycho¬ 
logy, from him. The really interesting point is 
this, that when he fully admits that animals 
“ may possess all the first four groups of actions,” 
he grants all that is necessary for the purposes of 
the evolutionist. For he hereby admits that in 
animals “ impressions received result in sensations 
which give rise to the observation of sensible 
objects,” and that they have what he calls 
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‘‘sensible perception." Nor was it possible to 
help the admission ; for we have as much reason 
to ascribe to animals, as we have to attribute to 
our fellow-men, the power, not only of perceiving 
external objects as external, and thus practically 
recognizing the difference between the self and the 
not-self; but that of distinguishing between like 
and unlike, and between simultaneous and suc¬ 
cessive things. When a gamekeeper goes out 
coursing with a greyhound in leash, and a hare 
crosses the field of vision, he becomes the subject 
of those states of consciousness we call visual 
sensation, and that is all he receives from without. 
SenTatiob , as such, tells him nothing whatever 
about thc^ cause of these states of consciousness; 
but the thinking faculty instantly goes to work 
upon the. raw material of sensation furnished to it 
through the eye, and gives rise to a train of 
thoughts. First comes the thought that there is 
an object *^at a certain distance; then arises 
another thou^it—the perception of the likeness 
between the stat^^-'-of-consc awakened by 

this object to those presented by memory, as, on 
some former occasion, called up by a hare; this is 
succeeded by another thought of the nature of an 
emotion—^namely, the desire to possess the hare; 
then follows a longer or shorter train of other 
'thoughts, which end in a volition and an a<5t—the 
loosing of the greyhound from the leash. These 
several thought are the concomitants of a process 
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which goes on in the nervous system of the man. 
Unless the nerve-elements of the retina, of the 
optic nerve, of the brain, of the spinal cord, and 
of the nerves of the arms, went through certain 
physical changes in due order and correlation, the 
various states of consciousness which have been 
enumerated would not make their appearance. So 
that in this, as in all other intellectual operations, 
we have to distinguish two sets of successive 
changes—one in the physical basis of conscious¬ 
ness, and the other in consciousness itself; one set 
which may, and doubtless will, in course of time, 
be followed through all their complexities by the 
anatomist and the physicist, and one of which only 
the man himself can have immediate knowledge. 
As it is very necessary to keep up a cl(‘.ar 
distinction between these two processes, let the one 
be called nmrosis, and the other jM’jrc/iasfe When 
the gamekeeper was first trained to his work 
every step in tlie process of neurosis was accom¬ 
panied by a corresponding step in tliat of i)sycliosis, 
or nearly so. He was conscious of sei^g some¬ 
thing, conscious of making sure it was a luire, 
conscious of desiring to catch it, and therefore t<i 
loose the greyhound at the right time, consc'ous of 
the acts by which he let the dog out of the leash. 
But with practice, though the various stops of the 
neurosis remain—for otherwise the impression on 
the retina would not result in tlie loosing of the 
dog—the great majority of the stops of the 
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psychosis vanish, and the loosing of the dog follows 
unconsciously, or as we say, without thinking about 
it, upon the sight of the hare. No one will deny 
that the series of acts which originally intervened 
between the sensation and the letting go of the 
dog were, in the strictest sense, intellectual and 
rational operations. Do they cease to be so when 
the man ceases to be conscious of them ? That 
depends upon what is the essence and what the 
accident of those operations, which, taken to¬ 
gether, constitute ratiocination. 

Now ratiocination is resolvable into predication, 
and predication consists in marking, in some way, 
the existence, the co-existence, the succession, the 
likeness and unlikeness, of things or their ideas. 
Whatever does this, reasons; and if a machine pro¬ 
duces the effects of reason, I see no more ground 
for denying to it the reasoning power, because it 
is unconscious, than I see for refusing to Mr. 
Babbage’s engine the title of a calculating machine 
on the same grounds. 

Thus it seems to me that a gamekeeper reasons, 
whether he is conscious or unconscious, whether 
his reasoning is carried on by neurosis alone, or 
whether it involves more or less psychosis. And 
if this is true of the gamekeeper, it is also true of 
the greyhound. The essential resemblances in all 
points of structure and function, so far as they can 
be studied, between the nervous system of the man 
and that of the dog, leave no reasonable doubt 
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that the processes which go on in the one arc just 
like those which take place in the otlicr. In the 
dog, there can be no doubt that the nervous 
matter which lies between the retina and the 
muscles undergoes a scries of cliangcs, precisely 
analogous to those which, in the man, give rise t<» 
sensation, a train of thought, and volition. 

Whether this neurosis is accompanied by siuili 
psychosis as ours it is impossible to say; but 
those who deny that the nervous changes, which, 
in the dog, correspond with those wliich underlie 
thought in a man, are accompanied by conscious¬ 
ness, are equally bound to maintain that tliosc 
nervous changes in the dog, which corrcsi)ond with 
those which underlie sensation in a man, are also 
unaccompanied by consciousness. In other words, 
if there is no ground for believing tliat a dog thinks, 
neither is there any for believing that ho f(»<^Is. 

As is well known, Descartes boldly facuid this 
dilemma, and maintained that all animals wcire 
mere machines and entirely devoid of consciousness. 
But he did not deny, nor can anyoiu^ deny, that in 
this case they are reasoning machines, capabhi of 
performing all those operations wliich arc 
formed by the nervous system of man whcni Imj 
reasons. For even supposing that in man, an<l in 
man only, psychosis is suporadded to rujurosis—tins 
neurosis which is common to botli man and animal 
gives their reasoning processes a fundamental 
unity. But Descartes' position is open to v(^ry 
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serious objections if the evidence that animals feel 
is insufficient to prove that they really do so. What 
is the value of the evidence which leads one to 
believe that one’s fellow-man feels? The only 
evidence in this argument of analogy is the 
similarity of his structure and of his actions to 
one’s own. And if that is good enough to prove 
that one’s fellow-man feels, surely it is good 
enough to prove that an ape feels. For the differ¬ 
ences of structure and function between men and 
apes are utterly insufficient to warrant the 
assumption that while men have those states of 
consciousness we call sensations apes have nothing 
of the kind. Moreover, we have as good evidence 
that apes are capable of emotion and volition as 
we have that men other than ourselves are. But 
if apes possess three out of the four kinds of states 
of consciousness which we discover in ourselves, 
what possible reason is there for denying them the 
fourth ? If they are capable of sensation, emotion, 
and volition, why are they to be denied thought 
(in the sense of predication) ? 

No answer has ever been given to these 
questions. And as the law of continuity is as 
much opposed, as is the common sense of man¬ 
kind, to the notion that all animals are unconscious 
machines, it may safely be assumed that no 
sufficient answer ever will be given to them. 

There is every reason to believe that con¬ 
sciousness is a function of nervous matter, when 

VOL. II M 
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tliat nervous matter has attained a certain degree 
of organisation, just as wo know the other 

actions to which the nervous system ministers,” 
such as reflex action and the like, to be. As T 
have ventured to state my view of the matter 
elsewhere, “ our thoughts are the expression of 
molecular changes in that matter of life which is 
the source of our other vital phenomena.” 

Mr. Wallace objects to this statement in the 
following teims:— 

‘‘Not having been able to find Jiny clue in Professor Huxley’s 
writings to the stops by which ho passes from those vital pheno¬ 
mena, which consist only, in their last analysis, of moveinonts 
by particles of matter, to those other phenomena which we term 
thought, sensation, or consciousness; but, knowing that so 
positive an expression of opinion from him will have groat weight 
with many persons, I shall endeavour to show, with as much 
brevity as is compatible with clearness, that this theory is not 
only incapable of proof, but is also, as it appears to mo, 
inconsistent with accurate conceptions of molecular i)hysic.s. ” 

With all respect for Mr. Wallace, it appears to 
me that his remarks are entirely beside the (pies- 
tion. I really know nothing whatever, and never 
hope to know anything, of the stops by wliich the 
passage from molecular movement to states of 
consciousness is effected; and I entireJy agrees 
with the sense of the passage which he quotes 
from Professor Tyndall, apparently imagining that 
it is in opposition to the view I hold. 

All that I have to say is, that, in my belief, 
consciousness and molecular action are capable of 
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being expressed by one another, just as heat and 
mechanical action are capable of being expressed 
in terms of one another. Whether we shall ever 
be able to express consciousness in foot-pounds, or 
not, is more than I will venture to say; but that 
there is evidence of the existence of some corre¬ 
lation between mechanical motion and conscious¬ 
ness, is as plain as anything can be. Suppose the 
poles of an electric battery to be connected by 
a platinum wire, A certain intensity of the 
current gives rise in the mind of a bystander to 
that state of consciousness we call a dull red 
light ”—a little greater intensity to another which 
we call a “ bright red light; ” increase the inten¬ 
sity, and the light becomes white; and, finally, it 
dazzles, and a new state of consciousness arises, 
which we term pain. Given the same wire and 
the same nervous apparatus, and the amount of 
electric force required to give rise to these several 
states of conciousness will be the same, however 
often the experiment is repeated. And as the 
electric force, the light waves, and the nerve- 
vibrations caused by the impact of the light-waves 
on the retina, are all expressions of the molecular 
changes which are taking place in the elements of 
the battery; so consciousness is, in the same 
sense, an expression of the molecular changes 
which take place in that nervous matter, which is 
the organ of consciousness. 

And, since this, and any number of similar 
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examples that may be rcipiircd, i>rovo that ono 
form of consciousness, at any rate, is, in th<i 
strictest sense, the expression of molecular change, 
it really is not worth while to pursue the inquiry, 
whetherafactso easily established is consist(‘nt with 
any particular system of molecular physics or not. 

Mr. Wallace, in fact, appears to mo to haves 
mixed up two very distinct propositions : tlu^ one, 
the indisputable truth that consciousness is corni- 
lated with molecular changes in the organ of 
consciousness; the other, that the nature of that 
correlation is known, or can bo conceived, which 
is quite another matter. Mr. Wallace, presumably, 
believes in that correlation of pheuonutua which 
we call cause and effect as firmly as I do. But if 
he has ever been able to form tlie fainU^st notion 
how a cause gives rise to its effect, all I can say is 
that I envy him. Take the simplest case Imagin* 
able—suppose a ball in motion to impinge, upon 
another ball at rest. I know very well, as a mattcir 
of fact, that the ball in motion will oommuni<;ato 
some of its motion to the hall at r<^st, and that 
the motion of the two halls, aft(‘T collision, is 
precisely correlated with tho iwmaH of both halls 
and the amount of motion of tho first. But how 
does this come about ? In what mannijr can we 
conceive that tho vt$ mm of tlie first ball pfiHsc,s 
into the second ? I confess I cati no more ftnrn 
any conception of what happens in this case, tlum 
I can of what takes place when the motion of 
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particles of my nervous matter, caused by the 
impact of a similar ball gives rise to the state of 
consciousness I call pain. In ultimate analysis 
everything is incomprehensible, and the whole 
object of science is simply to reduce the funda¬ 
mental incomprehensibilities to the smallest possi¬ 
ble number. 

But to return to the Quarterly Reviewer. He 
admits that animals have mental images of 
sensible objects, combined in all degrees of com¬ 
plexity, as governed by the laws of association.” 
Presumably, by this confused and imperfect state¬ 
ment the Reviewer means to admit more than the 
words imply. For mental images of sensible 
objects, even though “ combined in all degrees of 
complexity,” are, and can be, nothing more than 
mental images of sensible objects. But judg¬ 
ments, emotions, and volitions cannot by any 
possibility be included under the head of mental 
images of sensible objects.^’ If the greyhound 
had no better mental endowment than the 
Reviewer allows him, he might have the mental 
image ” of the sensible object ”—the hare—and 
that might be combined with the mental images 
of other sensible objects, to any degree of com¬ 
plexity, but he wouid have no power of judging 
it to be at a certain distance from him ; no power 
of perceiving its similarity to his memory of a 
hare; and no desire to get at it. Consequently 
he would stand stock still, and the noble art of 
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coursing woixld have no existence. On tlio other 
hand, as that art is largely practised, it follows 
that greyhounds alone possess a nuiribt^r of mental 
powers, the existence of which, in any animal, is 
absolutely denied by the Quarterly Keviewer. 

Finally, what are the mental pi)wm which he 
reserves as the especial prerogative <»f man ? 
They are two. First, the recognition of ** our¬ 
selves by ourselves as affected and perceiving.— 
Self-consciousness.” 

Secondly. The reflection upon our seiiHatioiiH 
and perceptions, and asking what tlmy are and 
why they arc.—Eeason,” 

To the faculty defined in the last Henteiico, the 
Eeviewer, without assigning the least gnuind for 
thus departing from both common usage and 
technical proiuiety, applies the name of ritfisoii. 
But if anan is not to bo considcjred a reaHoning 
being, unless ho asks what his sensatioim auil janr- 
coptions are, ami why they are, what is a Hot¬ 
tentot, or an Australian ** black-feilow ” | or what 
the ''swinked hodgijr” of an ordinary agriculitiral 
district? Nay, what becomes of an aven^m 
country s(|uire or parson ? How nmny of these 
worthy persons wlio, as their wont is, read the 
Quarterly Bevim^ would do other thari stand 
agape, if you asked them whether they hiul ever 
reflected what their sensations am! perceptions 
are ami why they are ? 

So that if the Eeviewer’s new detbiition of rea- 
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son be correct, the majority of men, even among the 
most civilised nations, are devoid of that supreme 
characteristic of manhood. And if it be as absurd 
as I believe it to be, then, as reason is certainly not 
self-consciousness, and since it, as certainly, is one of 
the actions to which the nervous system minis¬ 
ters,” we must, if the Eeviewer’s classification is 
to be adopted, seek it among those four faculties 
which he allows animals to possess. And thus, for 
the second time, he really surrenders, while seem¬ 
ing to defend, his position. 

The Quarterly Eeviewer, as we have seen, 
lectures the evolutionists upon their want of know¬ 
ledge of philosophy altogether. Mr. Mivart is not 
less pained at Mr. Darwin’s ignorance of moral 
science. It is grievous to him that Mr. Darwin 
(and noMB autres) should not have grasped the 
elementary distinction between material and formal 
morality; and he lays down as an axiom, of which 
no tyro ought to be ignorant, the position that 
“ acts, unaccompanied by mental acts of conscious 
will directed towards the fulfilment of duty,” are 
absolutely destitute of the most incipient degree 
of real or formal goodness,” 

Now this may be Mr. Mivart’s opinion, but it is 
a proposition which really does not stand on the 
footing of an undisputed axiom. Mr. Mill denies 
it in his work on Utilitarianism. The most in¬ 
fluential writer of a totally opposed school, Mr. . 
Carlyle, is never weary of denying it, and upholding 
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the merit of that virtue which is unconscious; 
nay, it is, to my understanding, extremely har<l to 
I'econcile Mr. Mivart's dictum with that iioblti sum¬ 
mary of the whole duty of man—Thou shalt love 
the Lord thy God with all thy heart, and with all 
thy soul, and with all thy strength; and thou shalt 
love thy neighbour as thyself/' According to Mr. 
Mivart’s definition, the man who loves God and his 
neighbour, and, out of sheer love and aflcction for 
both, does all he can to please theun, is, nevcrtlun¬ 
less, destitute of a particle of Dial goodness. 

And it further happens that Mr. Darwin, who is 
charged by Mr. Mivart with being ignorant of the 
distinction between material ami formal goo(lnoss, 
discusses the very question at isstuj iji a jwassagcj 
which is well worth reading (vol. i. j). 87), and also 
comes to a conclusion opposc^d to Mr. Mivart’s 
axiom, A proposition which has btum so unudi 
disputed and repudiated, should, under no (siroum- 
stances, have been tlius confidently assunuid t<i Ikj 
true. For myself, 1 utterly reject it, inasimuth as 
the logical consequence of the adojitiou of any su<di 
principle is tlio denial of all moral valu<^ to 
sympathy and affection. According to Mr. Mivart’s 
axiom, the man who, seeing another struggling in 
the water, leaps in at the risk of his own lifti to 
save him, does that which is “ (histituto of the most 
incipient degree of real goodness,” unh^ss, as he 
strips off his coat, ho says to himself, ** Now, mind, 

I am going to do this because it is my thiiy and 
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for no other reason;” and the most beautiful 
character to which humanity can attain, that of the 
man who does good without thinking about it, be¬ 
cause he loves justice and mercy and is repelled 
by evil, has no claim on our moral approbation. 
The denial that a man acts morally because he does 
not think whether he does so or not, may be put 
upon the same footing as the denial of the title of 
an arithmetician to the calculating boy, because he 
did not know how he worked his sums. If man¬ 
kind ever generally accept and act upon Mr. 
Mivart’s axiom, they will simply become a set of 
most unendurable prigs ; but they never have ac¬ 
cepted it, and I venture to hope that evolution has 
nothing so temble in store for the human race. 

But if an action, the motive of which is nothing 
but affection or sympathy, may be deserving of 
moral aj)probation and really good, who that has 
ever had a dog of his own will deny that animals 
are capable of such actions ? Mr. Mivart indeed 
says:—“ It may be safely affirmed, however, that 
there is no trace in brutes of any actions simulat¬ 
ing morality which are not explicable by the fear 
of punishment, by the hope of pleasure, or by per¬ 
sonal affection ” (p. 221). But it may be affirmed, 
with equal truth, that there is no trace in men of 
any actions which are not traceable to the same 
motives. If a man does anything, he does it 
either because he fears to be punished if he does 
not do it, or because he hopes to obtain pleasure 



170 


MR. DARWIN'S CRITICS 


V 


by doing it, or because lie gratifies his alfections^ 
by doing it* 

Assuming the position of the absolute moralists, 
let it be granted that there is a perception of riglit 
and wrong innate in every man. This means, 
simply, that when certain ideas arc presented to 
his mind, the feeling of approbation arises; and 
when certain others, the feeling of disapprobation. 
To do your duty is to earn tlie approbation of your 
conscience, or moral sense; to fail in your duty is 
to feel its disapprobation, as we all say. Now, is 
approbation a pleasure or a pain? Surely a 
pleasure. And is disapprobation a pleasure or a 
pain ? Surely a pain. Oonse(piontly, all tliat is 
really meant by the absolute moralists is that thenj 
is, in the very nature of man, something which 
enables him to be conscious of tliese particular 
ploasuresand pains. And when thcytalk of immut¬ 
able and eternal principles of morality,the only in- 
tclligiblo sense which I can put upon tlui words, is 
that the nature of man b(iing what it is, he always 
has been, and always will bo,capable of feolingiheso 
particular pleasures and pains. A 1 have 

nothing to say against this proposition. Admi tting 
its truth, I do not see how the moral faculty is on 
a different footing from any of the otluir faculties 
of man. If I choose to say that it is an immutable 

‘ In separating ploasnro and tlu* gratiii<*atiV>u of aflVction, I 
simply Ibllow Mr. Mivart witLout admitting the junticu of tin* 
Heparatioii. 
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and eternal law of human nature that “ ginger is 
hot in the mouth,” the assertion has as much 
foundation of truth as the other, though I think 
it would be expressed in needlessly pompous 
language. I must confess that I have never been 
able to understand why there should be such a 
bitter quarrel between the intuitionists and the 
utilitarians. The intuitionist is, after all, only a 
utilitarian who believes that a particular class of 
pleasures and pains has an especial importance, by 
reason of its foundation in the nature of man, and 
its inseparable connection with his very existence 
as a thinking being. And as regards the motive 
of personal affection: Love, as Spinoza profoundly 
says, is the association of pleasure with that which 
is loved.^ Or, to put it to the common sense of 
mankind, is the gratification of affection a pleasure 
or a pain ? Surely a pleasure. So that whether 
the motive which leads us to perform an action 
is the love of our neighbour, or the love of God, it 
is undeniable that pleasure enters into that motive. 

Thus much in reply to Mr. Mivart's arguments. 
I cannot but think that it is to be regretted that 
he ekes them out by ascribing to the doctrines of 
the philosophers with whom he does not agree, 
logical consequences which have been over and 
over again proved not to flow from them: and when 
reason foils him, trios the effect of an injurious 

^ *‘Nompo, Amor niliil allutl owt, <inam totitia, concomitaatcj 
idea cauttaj oxtermi^.”—III. xiii. 
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nickname. According to the views of Mr. Si)encer, 
Mr. Mill, and Mr. Darwin, Mr. Mivart tells 
us, virtue is a mere hind of retrieving:'' and, 

that we may not miss the point of the joke, he 
puts it in italics. But what if it is ? Does that 
make it less virtue ? Suppose I say that sculp¬ 
ture is a mere way" of stone-cutting, and 
painting a*'mere way" of daubing canvas, and 
music a ''mere way" of making a noise, the 
statements are quite true; but they only show 
that I see no other method of depreciating some 
of the noblest aspects of humanity than that of 
using language in an inadequate and misleading 
sense about them. And tlie peculiar inappro¬ 
priateness of this particular nickname to the views 
in question, arises from the circumstance which 
Mr. Mivart would doubtless have recollected, if his 
wish to ridicule had not for the moment obsctircd 
his judgment—that whether the law of evolution 
applies to man or not, that of hereditary iranstnis- 
sion certainly does. Mr. Mivart will liardly deny 
that a man owes a largo share of the moral 
tendencies which he exhibits to his ancestors ; and 
the man who inherits a desire to steal from a 
kleptomaniac, or a tendency to benevolence from a 
Howard, is, so far as he illustrates hereditary 
transmission, comparable to the dog who itiherits 
tlie desire to fetch a duck out of tlie water from 
his retrieving sire. So that, cvoiiiti<m, or no 
evolution, moral qualiti(*s are comparabbi to a 
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''kind of retrieving;" tliuugli the comparison, if 
meant for the purposes of casting obloquy on 
evolution, does not say much for the fairness of 
those who make it. 

The Quarterly Reviewer and Mr. Mivart base 
their objections to the evolution of the mental facul¬ 
ties of man from those of some lower animal form 
upon what they maintain to be a difference in kind 
between the mental and moral faculties of men and 
brutes; and I have endeavoured to show, by exposing 
the utter unsoundiiess of their philosophical basis, 
tliat these objections are devoid of importance. 

The objections which Mr. Wallace brings for¬ 
ward to the doctrine of the evolution of the mental 
faculties of man from those of brutes by natural 
causes, are of a different order, and require 
separate consideration. 

If I understand him rightly, ho by no means 
doubts that both the bodily and the mental facul¬ 
ties of man have been evolved from those of 
some lower animal; but lie is of opinion that 
some agency beyond tliat which has been con¬ 
cerned in the evolution of ordinary animals has 
been operative in the case of man. " A superior 
intelligence lias guided the development of man 
in a definite direction and for a special purpose, 
just as man guides the development of many 
animal and vegetable forms." ^ I understand this 

^ **The Limit,s of Natural St^lection as applied to Mau'' {loc. 
cU, p. S59). 
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to mean that, just as the rock-pigeon has been 
produced by natural causes, while the evolution of 
the tumbler from the blue rock has required the 
special intervention of the intelligence of man, so 
some anthropoid form may have been evolved by 
variation and natural selection; but it could never 
have given rise to man, unless some superior intel¬ 
ligence had played the part of the pigeon-fancier. 

According to Mr. Wallace, whether we com¬ 
pare the savage with the higher developments of 
man, or with the brutes around him, we are alike 
driven to the conclusion, that, in his large and 
well-developed brain, he possesses an organ quite 
disproportioned to his requirements(p, 343); 
and he asks, What is there in tiie life of the 
savage but the satisfying of the cravings of ap¬ 
petite in the simplest and easiest way ? What 
tlioughts, idea, or actions are there that raise liim 
many grades above tlio elephant or the ape ? 
(p. 342.) I answer Mr. Wallace by citing a re¬ 
markable passage which occurs in his instructive 
paper on Instinct in Man and Animals.” 

“Savages make long journeys in many directions, and, their 
whole faculties l)eing directed to the subject, they gain a wide 
and accurate knowledge of the topography, not only of their 
own district, hut of all the regions round about. Every ono 
who has travelled in a new direction communicates his know¬ 
ledge to those who have travelled less, and descriptions of routes 
and localities, and minute incidents of travel, form one of the 
main staples of conversation around the evening fire. Every 
wanderer or captive from another tribe adds to the store of 
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information, and, as the very existence of individuals and of 
whole families and tribes de];)ends upon the completeness of this 
knowledge, all the acute perceptive faculties of the adult savage 
are directed to acquiring and perfecting it. The good hunter or 
warrior thus comes to know the bearing of every hill and moun¬ 
tain range, the directions and junctions of all the streams, the 
situation of each tract characterised by peculiar vegetation, not 
only within the area he has himself traversed, but perhaps for 
a htmdred miles around it. His acute observation enables him 
to detect the slightest undulations of the surface, the various 
changes of subsoil and alterations in the character of the vegeta¬ 
tion that would be quite imperceptible to a stranger. His eye is 
always open to the direction in which he is going; the mossy 
side of trees, the presence of certain plants under the shade of 
rocks, the morning and evening flight of birds, are to him 
indications of direction almost as sure as the sun in the heavens” 
(pp. 207, 208). 

I have seen enough of savages to be able to 
declare that nothing can be more admirable than 
this description of what a savage has to learn. 
But it is incomplete. Add to all this the know¬ 
ledge which a savage is obliged to gain of the 
properties of plants, of the characters and habits 
of animals, and of the minute indications by which 
their course is discoverable : consider that even an 
Australian can make excellent baskets and nets, 
and neatly fitted and beautifully balanced spears; 
that he learns to use these so as to be able to 
transfix a quartern loaf at sixty yards; and that 
very often, as in the case of the American Indians, 
the language of a savage exhibits complexities 
which a well-trained European finds it difficult to 
master : consider that every time a savage tracks 
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his game ho employs <a minuteness of observation, 
and an accuracy of inductive and deductive reason¬ 
ing which, applied to other matters, would assure 
some reputation to a man of science, and I think 
we need ask no further why he possesses such a 
fair supply of brains. In complexity and dijfficulty, 
I should say that the intellectual labour of a good 
hunter or warrior considerably exceeds that of 
an ordinary Englishman. The Civil Service Ex¬ 
aminers are held in great terror by young English¬ 
men ; but even their ferocity never tempted them 
to require a candidate to possess such a knowlt^dge 
of a parish as Mr. Wallace justly points out 
savages may possess of an area a hundred miles 
or more in diameter. 

But supjpose, for the sake of argunumt, that a 
savage has more brains than seems proportion^ul 
to liis wants, all that can 1>e said is tliat the objec¬ 
tion to natural selection, if it be oiks ap]>lies <[uit(*. 
as strongly to the lower animals. The brain of a 
porpoise is quite wonderfid for its mass, and for tlu^ 
development of the cerebral convolutions. And 
yet since we have ceased to credit the story of 
Arion, it is hard to believe that porpoises «are much 
troubled with intellect: and still nu>ro difficult is 
it to imagine that their big brains arc only a pre¬ 
paration for the advent of some accomi>lished 
cetacean of the future. Surely, again, a wolf must 
have too much brains, or else how is it that a dog 
with only the same quantity and form of brain is 
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able to develop siicli singular iutelligcnco ? Tho 
wolf stands to tbe dog in the same relation as the 
savage to the luan; and, therefore, if Mr. Wallace's 
doctrine holds good, a higher power must have 
suporinteudetl the breeding up of wolves from 
some inferior stock, in order to prepare them to 
become dogs. 

Mr. Wallace further maintains that the origin 
of some of man's moiital faculties by the preserva¬ 
tion of useful variations is not possible. Such, 
for example, fire “ the capacity to form ideal con- 
cej)tious of spacui ami time., of c^tc^ruity and infin¬ 
ity; tlie ca])a(;ity for intense artistic feedings of 
plt^asnrti in form, (^(tlour, and coni))ositiuu ; and for 
those abstract notions of form a,ml nuiuher which 
r(Uiderg(u>metry and arithmetic juKSsihle.” ‘'ITow," 
he asks, weixi all or any of ihestj faculties first 
developed, wluui tiny (‘(Mild have biten of no pos- 
sihl(‘, use to man in liis (‘arly stagi^s of barbarism ? ” 

Surely tlui ansvviT is not far to Bt‘ek. Tho 
lowest savagi‘s a,re as <U‘voi(l of a.ny such concop- 
ti(ms as the brut(‘S themsi‘.lv(‘S. What sort of 
comH‘ptions (d* spacu* find tinu^ of form and num- 
bt^r, can be i)ohs(‘HS(‘<1 by a savage who has not got 
so far as to be able i.o count beyond five or six, who 
do(*H not know how to draw a triangle or a circle, 
and has not tint rmnotest notion of separating tho 
pa.rti<jular (juality W(i call form, from the other 
(jualilhis of bodi(‘S ? None of tluwt capmties aro 
exhihiteil l>y men, unless tiny form part of a 

von. II N 
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tolerably advanced society. And, in such a society, 
there are abundant conditions by which a selective 
influence is exerted in favour of those persons wlio 
exhibit an approximation towards the possession 
of these capacities. 

The savage who can amuse his fellows by telling 
a good story over the nightly fire, is held by them 
in esteem and rewarded, in one way or another, 
for so doing—in other words, it is an advantage to 
him to possess this power. He who can carve a 
paddle, or the figure-head of a canoe better, 
similarly profits beyond his duller neighbour. 
who counts a little better than others, gets most 
yams when barter is going on, and forms the 
shrewdest estimate of the numbers of an opposing 
tribe. The experience of daily life shows that the 
conditions of our present social existence exercise 
the most extraordinarily powerful selective infliumco 
in favour of novelists, artists, and strong intclliK^ts 
of all kinds; and it seems unquestionable that all 
forms of social existence must have had the same 
tendency, if we consider the indisputable facts tliat 
even animals possess the power of distinguishing 
form and number, and that they are capable of 
deriving pleasure from particular forms and 
sounds. If we admit, as Mr. Wallace does, that 
the lowest savages are not raised ''many grades 
above the elephant and tho ape;’’ and if we 
further admit, as I contend must bo admitted, that 
the conditions of social life tend, powerfully, to 
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give an advantage to those individuals who 
vary in the direction of intellectual or aesthetic 
excellence, what is there to interfere with the 
belief that these higher faculties, like the rest, owe 
their development to natural selection ? 

Finally, with respect to the development of the 
moral sense out of the simple feelings of pleasure 
and pain, liking and disliking, with which the 
lower animals are provided, I can find nothing in 
Mr. Wallace's reasonings which has not already 
been met by Mr. Mill, Mr.-Spencer, or Mr. 
Darwin. 

I do not propose to follow the Quarterly 
Reviewer and Mr. Mivart through the long string 
of objections in matters of detail which they 
bring against Mr. Darwin's views. Every one who 
has considered tlie matter carefully will be able to 
ferret out as many more '' difficulties"; but he 
will also, I believe, fail as completely as they 
appear to mo to have done, in bringing forward 
any fact which is really contradictory of Mr. 
Uarwin^s views. Occasionally, too, their objections 
and criticisms are based upon errors of their own. 
As, for example, when Mr. Mivart and the 
Quarterly Eoviewor insist upon the resemblances 
between the eyes of Cej^halopodci and Vcrtcbmta\ 
quite forgetting that there are striking and alto¬ 
gether fundamental differences between them; or 
when the Quarterly Reviewer corrects Mr. Darwin 

N 2 
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for saying that the gibbons, “ without having bo(!n 
taught, can walk or run upright with ttderalilo 
quickness, though they move awkwardly, and iniich 
less securely than man.” The Quarterly Rcvicwi'r 
says, "This is a little misleading, inasmuch os it i.s 
not stated that this upright progression i.s effected 
by placing the enormously long arms behind the 
head, or holding them out backward.^ as a baiance 
in progression.” 

Now, before cai-ping at a small statement like 
this, the Quarterly Reviewer should have inmhi 
sure that he was quite right. But he happens to 
be quite wrong. I suspect ho got his notion of 
the manner in which a gibbon walks from aoitation 
in “ Man’s Place in Nature.” But at that time ! 
had not seen a gibbon walk. Since then f hav<‘, 
and I can testify that nothing can be more ju-eci.se 
than Mr*. Darwins statement. The gihlxui I .saw 
w-alked without either putting his ann.s behind 
his head or Iiolding them out backw,ards. All lie 
did was to touch the ground with the outstretched 
fingers of his long arms now and then, just as one 
sees a man who carries a stick, but does not need 
one, touch the ground with it as ho walks along. 
Again, a large number of the objections brought 
forward by Mr. Mivart and the Quarterly Reviewer 
apply to evolution in general, quiti' as much ms to 
the particular form of that doctrine lulvoealed by- 
Mr. Darwin; or, to their notions of Mr. Darwin’s 
views and not to what they really are. An excel- 
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lent example of this class of difficulties is to he 
found in Mr. Mivart’s chapter on Independent 
Similarities of Structure.” Mr. Mivart says that 
those cannot he explained by an absolute and 
pure Darwinian,” but that an innate power and 
evolutionary law, aided by the corrective action 
of natural selection, should have furnished like 
needs with like aids, is not at all improbable” 

(p. 82). 

I do not exactly know what Mr, Mivart means 
by an ''absolute and pure Darwinian;” indeed 
Mr. Mivart makes that creature hold so many 
singular opinions that I doubt if I can ever have 
seen oiu; alive. But I find nothing in his 
statement of the view whicli he imagines to be 
originated by himself, which is really inconsistent 
witli what I understand to bo Mr. Darwin’s views. 

I apprclujnd that the foundation of the theory 
of naf.tiral sehiction is the fact that living bodies 
i<‘rul incessantly to vary. This variation is neither 
in(h‘fuiit<‘., nor fortuitous, nor docs it take place in 
all dinutious, in the strict sense of these words. 

AccuraU^ly speaking, it is not indefinite, nor 
docs it taket place in all directions, because it is 
limited by the general characters of the typo to 
which the organism exhibiting the variation 
belongs. A whale does not tend to vary in the 
direction of producing featliors, nor a bird in the 
direction of developing whalebone. In popular 
language there is no harm in saying that the 
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waves which break upon the sea-shore arc inde¬ 
finite, fortuitous, and break in all directions. In 
scientific language, on the contrary, such a state¬ 
ment would be a gross error, inasmuch as every 
particle of foam is the result of perfectly definite 
forces, operating according to no less definite laws. 
In like manner, every variation of a living form, 
however minute, however apparently accidental, is 
inconceivable except as the expression of the 
operation of molecular forces or powers resident 
within the organism. And, as these forces certai 11 ly 
operate according to definite laws, tlicir gcmeral 
result is, doubtless,*in accordance with some general 
law which subsumes them all. And there a])pr*arH 
to be no objection to call this an ''evolutionary 
law.'" But nobody is the wiser fordoing so, or has 
thereby contributed, in the least degree, to iha 
advance of the doctrine of evolution, tini 
need of which is a theory of variation. 

When Mr. Mivart tells us that his ''aim has 
been to support the doctrine that these specifis 
have been evolved by ordinary mtnml laws (for 
the most part unknown), aided by the suhordinafe 
action of' natural selection"(pp. 332-3), )iu secerns 
to be of opinion that his enterprise lu'us tin* merit 
of novelty. All I can say is that I have never Iia<! 
the slightest notion that Mr. Darwin's aim is in 
any way dijBferent from this. If I affirm that 
species have been evolved by variatioij ^ (a natural 
IxiclTiding under tliis head hereditary 
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process, tlie laws of wliiclx are for the most part 
iiiikiiown), aided by the subordinate action of 
natural selection,” it seems to me that I enunciate 
a pro 2 )osition which constitutes the very pith and 
marrow of the first edition of the “ Origin of 
Speci(^.s.” And what tlxe evolutionist stands in 
need of just now, is not an iteration of the funda¬ 
mental principle of Darwinism, but some light 
upon the (luestions, What are the limits of varia¬ 
tion ? and, If a variety has arisen, can that variety 
be perpetuated, or even luttjnsified, when selective 
conditions are indifferent, or perhaps unfavourable 
to its (‘xistence? I cannot find that Mr. Darwin 
has ev(‘.r be(‘n v(‘ry dogmatic in answering these 
{[uestiotis. B’ormorly, he seems to liavc inclined 
to reply to them in tins negative, wdule now his 
inclination is the other way. Leaving aside those 
broad (piostions of theology, philosophy, and 
ethics, by the discussion of which neither the 
Quarterly Ihivicuvor nor Mr. Mivari can he said to 
hav(j dainag(‘d Darwinism—whatever else they 
have injurtnl—this is wliat Iheir criticisms come 
to. Tlujy confound a siruggh^ for sonuj rifle-pits 
with an assaulti on the fortress. 

In some r(?specis, finally, I can only characterise 
the Quarttjrly Ttevi(jw(ir’s treatment of Mr. Darwin 
ms alil«i unjust ari<l \uibecorning. Language of 
this strengtii ro(iuiros justification, and on that 
ground I ad<l the remarks which follow. 

’’riiO Quarterly Eeviewc^r opeum his essay by a 
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careful enumeration of all those points upon which, 
during the course of thirteen years of incessant 
labour, Mr. Darwin has moditied his opinions. It 
has often and justly been remai’ted, that what 
strikes a candid student of Mr. Darwin^s works is 
not so much his industry, his knowledge, or even 
the surprising fertility of his inventive genius; 
but that unswerving truthfulness and honesty 
which never permit him to hide a weak j)laco, or 
gloss over a difficulty, but lead him, on all occa¬ 
sions, to point out the weak places in Ids 
armour, and even sometimes, it ajDpears to me, to 
make admissions against himself which are (juite 
unnecessary. A critic who desires to attack Mr, 
Darwin has only to read his works with a desire to 
observe, not their merits, hut their defects, an<l h*, 
will find, ready to hand, more adverse suggestions 
than are likely ever to have suggested themstdvos 
to his own sharpness, without Mr. Darwiii s self- 
denying aid. 

Now this quality of scientific candour is not m 
common that it needs to be discouraged; and it 
appears to me to deserve other treatment than 
that adopted by the Quarterly Reviewer, who deals 
with Mr. Darwin as an Old Bailey barrister deals 
with a man against whom he wishes to obtain a 
conviction, fas aut nefas, and opens liis am*, 
by endeavouring to create a prejudice against tluj 
prisoner in the minds of the jury. In his eag(Sir- 
ness to carryout this laudable design, the Quarterly 
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Tleviewer carmot even state the history of the 
doctrine of natural selection without an oblique 
and entirely unjustitiable attemi)t to depreciate 
Mr. Darwin. To Jfir. Darwin,” says he, and 
(through Mr. Wallace’s reticence) to Mr. Darwin 
alone, is due the credit of having jfirst brought it 
proiuimiiitly forward and demonstrated its truth.” 
No orut can less desire than I do, to throw a doubt 
upon Mr. Wallactfs originality, or to question his 
ciaiuL to the honour of being one of the originators 
of the do<‘trinti of natural si^lcction ; but thcstatc- 
nuuit that Mr. Darwin lias the solo credit of 
originating th(i d<K*trino bttcause of Mr. Wallace’s 
ndiceiK^o is winiply ridi(‘ulous. The ]>roof of this 
is, in tin* first placns aiibrded by Mr. Wallace hini- 
stdf, whose nohh^ fr<‘(‘dom from petty jealousy in 
this inatier snuillta* folk would do well to imitate, 
and who writes thus:—** I have felt all my life, 
ami 1 still feel, th(‘. most sineeni satisfaction 
that. Mr. Darwin had l)e(*n at work long before 
iiHt and that. it. was not. left for me, to att(unpt to 
write th<‘ ‘(h'igin of Species.’ ( have long since 
meastired my own strengtluand know wt‘Jl that it 
would bi‘. umupial to that task.” S<i tliat if 
th(4rc was any r(jti(H‘nc(^ at all in the matter, it was 
Mr. Darwin’s retic'enco during the long twenty 
yi*ars of study whicdi interviausl between the eon- 
ctqrtlon and the publication of his theory, whicli 
gave Mr. Wallace, the (chance of being an indepem- 
tlmit discioverm- of tlu‘. importance of natural 
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selection. And, finally, if it be recollected that 
Mr. Darwin's and Mr. Wallace's essays wore 
published simultaneously in the '^Journal of the 
Linnaean Society" for 1868, it follows that the 
Reviewer, while obliquely depreciating Mr. Dar¬ 
win's deserts, has in reality awarded to liim a 
priority which, in legal strictness, does not exist. 

Mr. Mivart, whose opinions so often concxir with 
those of the Quarterly Reviewer, puts tlu', case in 
a way, which I much regret to be obliged to say, 
is, in my judgment, quite as incoiToct; thougli 
the injustice may be less glaring. He says that 
the theory of natural selection is, in general, ex¬ 
clusively associated with the name of Mr. Darwin, 
" on account of the noble self-abnegation of Mr. 
Wallace." As I have said, no one can honotir Mr. 
Wallace more than I do, both for wliat he has 
done and for what he has not done, in liis relation 
to Mr. Darwin. And perhaps nothing is more 
creditable to him than his frank declaration that 
he could not have written such a work as the. 

Origin of Species." But, by fcliis doclarai-ion, th(i 
person most directly interested in the maiiar re¬ 
pudiates, by anticipation, Mr. Mivart's suggfisiioji 
that Mr. Darwin's eminence is more or less dmi to 
Mr. Wallace's modesty. 
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In the former lialf of tlie eigliicentli century, tlio 
term “evolution” was introduced into biological 
writingH, in order to denote tlie mode in which 
Bomo of the most eminent physiologists of that time 
conceived tliat the generations of living things took 
place; in opposition to the hypothesis advocated, 
in the pre^ceding c(uitury, by Harvey in that re¬ 
markable work ^ which would give him a claim to 
rank among tlie founders of biological science, even 
had lie not been the discoverer of the circulation 
of the blood. 

One of Harv(iy\s prime objects is to defend and 
establish, on the basis of direct observation, the 
opinion already held by Aristotle; that, in the 
higher animals at any rate, the formation of the 

^ I’luj J^^XGTcitatwnm tU (knemtiom Animaliumt wHeh Dr 
Cioorgf} Knfc uxtriwitod from liim and pablishod in 1661. 
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new organism by the process of generation takes 
place, not suddenly, by simultaneous accretion of 
rudiments of all, or of the most important, of the 
organs of the adult; nor by sudden metamorphosis 
of a formative substance into a miniature of the 
whole, which subsequently grows; but by cjpigcMm, 
or successive differentiation of a relatively homo- 
geneous rudiment into the parts and structures 
which are characteristic of the adult. 


‘*Et prim6, q^uidem, quoniam per Gpigcfimim sivo parti tini 
superexorientium additamentum pullum fabricari certum rnt; 
quBsnam pars ante alias onmes exstruatur, etquid de ilia ejuH(|nc 
generandi mode observandum veniat, dispiciemus. liatumsaiuj 
est ct in ovo manifeste apparet quod AristotGlcs de perfciitonmi 
animaliimi generationo onuntiat: nimirum, non oinncs party's 
simid fieri, sed ordino aliam post aliam; priinumquo (ixiMtoro 
particulam genitalem, cujns virtute postea (tanqnam ox prinoijiif) 
quodam) reliqxi® omnes partes prosiliant. Qualom in pluntanun 
seminibns (fabis, put4, ant glandibus) gemmam sivo apiotun pr«- 
tnberantem cemimns, totins futnne arboris prinoipiuni. M/Ufi 
hose pariimla velut filnis CMncijyatus seormmjfuo coilocatm, rf- 
principvim for se mvens ; unde postea memhrorum ordo demrih> 
itur ; et qucemnqm ad absohewium anmal pertinent, dispim* 
untur}- Quoniam, enim jjiars sc ipsain generat; sed past" 
quam generata est, se ipsamjam auget; idco cam prirndm oriri 
necesse est, q%(» principium aicgendi contincat (sive enm plankt, 
sive animal est, ccque omnihtis inest quod vim Meat mfeUmdx] 
sive^ vmMmdi)? simnlqne roliquas omnes partoa suo quarnuun 
ordme distinguat et fomet; proindeqne in eadem primogemita 
particnla anima primario inest, sensus, motusque, ot tatins vitto 
anctor et principium.” (Exercitatio 51.) 
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Harvey proceeds to contrast this view with that 
of the Medici,” or followers of Hippocrates and 
Galen, who, badly philosophising,” imagined that 
the brain, the heart, and the liver were simul¬ 
taneously first generated in the form of vesicles; 
and, at the same time, while expressing his 
agreement with Aristotle in the principle of epi¬ 
genesis, he maintains that it is the blood which is 
the primal generative part, and not, as Aristotle 
thought, the heart. 

In the latter part of the seventeenth century, 
the doctrine of epigenesis, thus advocated by 
Harvey, was controverted, on the ground of direct 
observatir)n, by Malpighi, who affirmed that the 
body of the chick is to be seen in the egg, before 
the punePmn, sangmnmm makes it appearance. 
But, from this perfectly correct observation a con¬ 
clusion which is by no means warranted was drawn ; 
namely, that tlie chick, as a whole, really exists in 
the egg antecedently to incubation ; and that what 
happens in the course of the latter process is no 
addition of new parts, alias post alias natas,” as 
Harvey puts it, but a simple expansion, or unfold¬ 
ing, of the organs winch already exist, though they 
are too small and inconspicuous to be discovered. 
The weight of Mali)ighi’s observations therefore 
fell into the scale of that doctrine which Harvey 
terms in contradistinction to epi¬ 

genesis. 

The views of Malphigi wore warmly welcomed. 
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on philosophical grounds, by Leibnitz,’ 'vvho fbninl 
in them a support to his I]iypotli<‘siH of monuds. 
and by Malebranche; ^ while, in the niiddh* of tho 
eighteenth century, not only speculative oonsidor- 
ations, but a great number of new and 
observations on the phenoniona of goncrathm, led 
the ingenious Bonnet, and Ifaller,^ tluj first piiysi- 
ologist ofthe age, to adopt, advocate, an<l extend 
them. 


^ “Cepondant, pour revenir aux forum or<linair(.',s on mix 
S-mes materielles, cette duree qu^il leur faut attriliiu'v a in 
do celle qu'on avoit attrilmeo aux atom<‘s pmirroit, fain* diiuh i 
si elles nc vont pas do corps on corps; co <|ui st^roit la iio’ 
tempsycliose, k pen pr^s comme <piel(pU‘S p}ul(W(jp}i(‘s i*rij h 
transmission, du mouvciuont ot cello dos osjh'coh. Miu'u 
imagination ost Men eloigneo do la natimi <1 oh (diosrs. H n’v ti 
point do tel passage; et o’est nii oil 1(‘h 
M essieurs Swammerdam, Malpiglu, et f^eewenltoek, «pii moO 
dos plus exeellens observatours do noire timiH, soui veimer, u ittMit 
secours, et m'ont fait admettvo plus aisenient, (pie rauim.ti, ef 
toute autre substance organisoo no eomnienco loj.ifpn ih*u + 
le croyons, ot quo sa generation apj«iri*iit(‘ ri '«“4 (jn'iijh' ib. 
voloppementoi uno esp6ce (raugm<mtati<m. Aumu' ai p* ttmroyi/' 
quel auteur do la Mcchrehede la rniU\ M. itegis H.uj. 
seeker, et d’autros babilos liomnu^.s iioni p;m iHi* foil 

sentiment.'^ rioxbnitz, ffyaamn dr la AV/Oir^ 

1695. The doctrine of * Rmbottoniout ” ia miUmtvd in tbi. 
(^mmrations mr le Prindpe de Fie, 1705 ; Urn uMmv t.. tbi- 
1710 ; and the Principes de la Nalnre. et tie la (latet 
(s 6)j 1718. 


II est TOiquo la pensdo la }to raiHoiumlilc cl lu pitr. 
contorme k 1 experience sur cetto qucHtion tri-H ditlbdh' dl la 
lormation du feetus; c'ost quo les culauH HOiitdiMu prociuc b^ijt 
form& avast mraao I’action par kin«tll« il« muil rniinii, ..} 
lews mtes no font quo leur dounur raonroidfaitiiwit (irilitiMiii' 
tolptomps do la grossesso." De U Ikehcrehf th U Vtm. 

» P- “<!■. 1721. 

tn ^ indohtedto Dr. Allon I'liomm fiir wfi-rrmr 

“1“^®“®®.c^'wned m a nok to llallor’n oditioti of 1)., ,- 
naave s Pmhebums Jeruiemirtfi, vol. v. pt. ii. ii, 411? imliti«lu<il 
m Z?44, that Hallororigmally ildvocatodoidgowZ' ‘ 
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Bonnet affirms that, before fecundation, the hen's 
egg contains an excessively minute but complete 
chick ; and that fecundation and incubation simply 
cause this germ to absorb nutritious matters, which 
are deposited in the interstices of the elementary 
structures of which the miniature chick, or germ, 
is made up. The consequence of this intussuscep- 
tive growth is the development ” or evolution " 
of the germ into the visible bird. Thus an organ¬ 
ised individual {tout organist) ‘'is a composite body 
consisting of the original, or elementary, parts and 
of the matters which have been associated with 
them by the aid of nutrition; ” so that, if these 
matters could be extracted from the individual 
{tout), it would, so to speak, become concentrated 
in a point, and would thus be restored to its 
primitive condition of a germ; “just as by extract¬ 
ing from a bone the calcareous substance which is 
the source of its hardness, it is reduced to its 
primitive state of gristle or membrane." ^ 

“Evolution" and “development" are, for 
Bonnet, synonymous terms; and since by “ evolu¬ 
tion " he means simply the expansion of that 
which was invisible into visibility, he was natur¬ 
ally led to the conclusion, at which Leibnitz had 
arrived by a different line of reasoning, that no 
such thing as generation, in the proper sense of 
the word, exists in Nature. The growth of an 


^ Considerations sur les Corps organises, chap. 3c. 
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organic being is simply a process of cnlargeimtni 
as a particle of dry gelatine may be swilled 
up by the intussusception of water; its death 
is a shrinkage, such as the swelled jelly miglit 
undergo on desiccation. Nothing really now is 
produced in the living world, but the germs which 
develop have existed since the beginning of things; 
and nothing really dies, but, when what we call 
death takes place, the living thing shrinks back 
into its germ state.^ 

The two parts of Bonnet’s hypothesis, naiudy. 
the doctrine that all living things proceed from 
pre-existing germs, and that those contain, 

^ Bonnet had the courage of his opinions, and in tin* 
Palmgdnisie PMlosophiqxief pait vi. ohap. iv., lin (ievidops a 
hypothesis which he terms “dvolutiou natoidlo ; '* and wlach, 
making allowance for his ijeculiar views of the nature of 
generation, hears no small resemblance to what is imdcrstoixl 
by ‘‘evolution ” at the present day - 

“Silavolonte divine a cree par iiu seul Aeb* rUnivomilii/* 
des Stres, d’ou venoient ces plantes et ccs aniniaux dont 
nous decrit la Production au troisiome et au cimpuenK^ jour du 
renouvellemcnt de noti*e mondo ? 

Abuserois*je de la liberte do conjectures si jo disois, qins 
Plantes et les Animaux qui existent aujoimriuii sent parveums 
par une sorte d’evolutiou naturidle dijs Etrt^s organises qui 
peuplaient co premier Monde, sorti immediaiement des Mainh 
du CitJiJATETJB ? , . . 

“ Ne supposons quo trois revolutions. La Torre viimt do »oH ir 
des Mains du Createxjii, Les cause.s proparecs par sa Haokhhe 
font developper do toutes parts les Gennos. Etres organises 
commencont jouir de rexistoneo. Ils etoiont probabJimuuti 
alors bien dilFerens de co qu’ils sont aujourd’hui. Ils Tetoient 
autant quo ce premier Monde dilTeroit de cclui quo nous habi tons. 
Nous manquons de moyens pour juger do cos diHSonildaiiooH, 
et peut-Stre quo lo plus liabile Naturalists qui auroit plact^, 
dans ce premier Monde y auroit entifermnent m^connu nos Planlos 
et nos Animaux,” 



vr EVOLUTION IN BIOLOGY 193 

inclosed within the other, the germs of all future 
living things, which is the hypothesis of “ emboite- 
ment ; ” and the doctrine that every germ contains 
in miniature all the organs of the adult, which is 
the hypothesis of evolution or development, in the 
primary senses of these words, must be carefully 
distinguished. In fact, while holding firmly hy 
the former. Bonnet more or less modified tho 
latter in his later writings, and, at length, he 
admits that a “ germ ” need not bo an actual 
miniature of the organism; but that it may be 
merely an “original preformation” capable of 
producing tho latter.^ 

But, thus defined, tho germ is neither more nor 
less than tho “ particula genitalis ” of Aristotle, 
or tho “priraordium vegetale” or “ovum” of 
Harvey; and the “evolution” of such a germ 
would not be distinguishable from “ epigenesis.” 

Supported by the great authority of Haller, the 
doctrine of evolution, or development, prevailed 
throughout the whole of the eighteenth century, 
and Cuvier appears to have substantially adopted 
Bonnet’s later views, though probably he would 
not have gone all lengths in the direction of 
“ emboitement.” In a weU-knowu note to 
Laurillard’s “ £loge,” prefixed to the last edition 

^ mot (genn<0 n(^ dosignera pas seuloracnt un corps 
organiHo Hduitcnpaiit; il dosigucra encore toute cspfece de^r^- 
formaHon originellc donl mi Tout organique pmt risulter com>m 
do 80 %primipi imm6diaV^’--TaHn(j4n6$ieFhiloso^hiq%bei part x. 
chap. ii. 

VOL. II 


0 
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of the Ossemens fossiles/' tlio ''radical do retro'' 
is much the same thing as Aristotle's "pariioiila 
genitalis " and Harvey's " ovum.” ^ 

Bonnet's eminent contemporary, Baffon, Indd 
nearly the same views with respect to the nature 
of the germ, and expresses them even more con¬ 
fidently. 


'"Ceux qui ontcra quo lo cceur etoit lo ])romiGr foriiKs 
tromp^ ; ceux qni disent qiie c’est lo sang so troinpont au.s.d; 
tout est forme en memo temps. Si Ton no consulte quo To] ner¬ 
vation, le poulet se voit dans Tosuf avant qu’il ait eti) couve/* ^ 
“J’ai ouvert uno grande quantitd d'ceufs h Watma trjiips 
avant et aprfes rincubation, ot je me suis convaincu par ia<»s 
yeuxq.ue le poulet exists en entier dans lo milieu do la cieatrir.ulo 
au moment qii’il sort du corps de la poule/’ ^ 


The " moule int^rieur ” of BuflPon is the aggro- 
pte of elementaiy parts which coiistif.uto ihi! 
individual, and is thus tho equivalent of Boti net’s 
gerin,^ as defined in the passage cited alxn’iv 
But Bufibn further imagined that iiiimmorahio 
“molecules organiques ” are dispersed throughout 
the world, and that alimentation ‘ consists in tho 


®0“siid4rant (jue tons las etres orcaiiis(% mjit 

^ 1’or^nisaHon, oroyait k h jmUoxwlmwo 
* pre-oxwtsnofl d'lm ctro tout foriiio, 
piMijiiU est hen evident que ce n’ostqueuardcs diVoIoioxuHfiiM 
snocessifs que letre acquiert sa forme; mnis, si I’lm 
^ ^7 pre-oxistonoo du ratlienUk /‘f/ir, 

livolutioIlB 110 I'OIllIIII-ncc, (•( (Mli 
remonte certamement, smvant la hlJe olisorvation do liomict. ' 
pl^BTO ^neraaons.’’—Lanrillard, HHuiic de Cmier, note Isi ’ ' 
&^Tc MnrelUy tom. li, ed. ii. l'7.'iO, p. SM. ^ 

, p. 351. ‘ See partiouliiriy Iluffon, Ic. ji. 41 
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appropriation by the parts of an organism of those 
molecules which are analogous to them. Growth, 
therefore, was, on this hypothesis, a process 
partly of simple evolution, and partly of what has 
been termed “syngenesis.” Buflfon’s opinion is, 
in fact, a sort of combination of views, essentially 
similar to those of Bonnet, with others, somewhat 
similar to those of the “ Medici ” whom Harvey 
condemns. The “molecules organiques” are 
physical equivalents of Leibnitz’s “monads.” 

It is a striking example of the difficulty of 
getting people to use their own powers of investiga¬ 
tion accurately, that this form of the doctrine of 
evolution should have held its ground so long; 
for it was thoroughly and completely exploded, 
not long after its enunciation, by Casper Friederich 
Wolff, who in his “Theoria Generationis,” pub¬ 
lished in 1769, placed the opposite theory of 
epigenesis upon the secure foundation of fact, 
from which it has never been displaced. But 
Wolff had no immediate successors. The school 
of Cuvier was lamentably deficient in embryo¬ 
logists ; and it was only in the course of the first 
thirty years of the present century, that Prdvost 
and Dumas in Franco, and, later on, Dollinger, 
Pander, Yon Bar, Rathke, and Remak in Germany, 
founded modern embryology; while, at the same 
time, they proved the ^tter incompatibility of the 
hypotliosis of evolution, as formulated by Bonnet 
and Haller, with easily demonstrable facts. 
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Nevertheless, though the conceptions originally 
denoted by '^evolution” and ^'development** were 
shown to be untenable, the words retained their 
application to the process by which the embryos of 
living beings gradually make their appearance; 
and the terms " Development,” " Entwickelnng/* 
and "Evolutio,” are now indiscriminately tiscd hr 
the series of genetic changes exhibited by living 
beings, by writers who would emphatically deny 
that "Development” or "Entwickeluiig” nr 
"Evolutio,” in the sense in which these worrin 
were usually employed by Bonnet or by ILaller, 
ever occurs. 

Evolution, or development, is, in fact, at present 
employed in biology as a general name for the 
histoiy of the steps by which any living lieing has 
acquired the morphological and the physiological 
characters which distinguish it As civil iiistery 
may be divided into biography, which m the? Idstory 
of individuals, and universal history, whicli in the 
history of the human race, so evolution falk 
natur^ly into two categories—the evolution of the 
individual, and the evolution of the sum of living 
beings. It will be convenient to deal with the 
modern doctrine of evolution under these two heack. 

I, The Evolution of the Indwidmh 
No exception is at this time, known to the 
general law, established upon an immense miiilh 
tude of direct observations, that every living thing 



VI 


EVOLUTION IN BIOLOGY 


197 


is evolved from a particle of matter in whicli no 
trace of the distinctive characters of the adult 
form of that living thing is discernible. This 
particle is termed a germ, Harvey^ says— 

“Omuibus viventibus primordiiim insit, ex quo et a quo pro- 
veniant. Liceat hoc prvtnordmm mgetaU nominare ; nempe 
substantiam quandam corpoream vitam habentem potenti^; vel 
quoddam per se existens, quod aptuni sit, in vegetativam 
formam, ab interiio principio opcrante, mutari. Quale nempe 
primordium, ovum est ct plantariim semen; tale etiam vivi- 
parorum conceptus, et insectorum xcrmis ab Aristotele dictus : 
diversa scilicet diversorum viventium x>rimordia.” 

The definition of a germ as matter potentially 
alive, and having within itself the tendency to 
assume a definite living form,” appears to meet 
all the requirements of modern science. For, 
notwithstanding it might be justly questioned 
whether a germ is not merely potentially, but 
rather actually, alive, though its vital manifesta¬ 
tions arc reduced to a minimum, the term 

potential ” may fairly be used in a sense broad 
enough to esciipe the objection. And the quali¬ 
fication of potential'' has the advantage of 
reminding us that tlie great characteristic of 
the germ is not so much what it is, but what it 
may, under suitable conditions, become. Harvey 
shared tlm belief of Aristotle—whose writings he 
so often quotes and of whom he speaks as his 

1 MxercUat’ioim de Oemratiom. Ex. 62, *‘Ovuiu cssc 
l)rimordium commune omnibus animalibus.” 
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precursor and model, with the generous respect with 
which one genuine worker should regard another 
—that such germs may arise by a process of 
“ equivocal generation out of not-iiving matter; 
and the aphorism so commonly ascribed to him, 
“ omfie mmm ex ovo*' and which is indeed a fair 
summary of his reiterated assertions, though 
incessantly employed against the modern advo¬ 
cates of spontaneous generation, can be honestly 
so used only by those who have never read a 
score of pages of the Exercitationes.” Harvey, 
in fact, believed as implicitly as Aristotle did in the 
equivocal generation of the lower animals. But, 
while the course of modern investigation has only 
brought out into greater prominence the accuracy 
of Harvey’s conception of the nature and mode of 
development of germs, it has as distinctly tended 
to disprove the occurrence of equivocal generation, 
or abiogenesis, in the present course of nature. 
In the immense majority of both plants and 
animals, it is certain that the germ is not merely 
a body in which life is dormant or potential, but 
that it is itself simply a detached portion of 
the substance of a pre-existing living body; and 
the evidence has yet to be adduced which will 
satisfy any cautious reasoner that omne vivum 
ex vivo” is not as well-established a law of 
the existing course of nature as omne vivum 
ex ovo.” 

In all instances which have yet been investi- 
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gated, the substance of this germ has a peculiar 
cliomical composition, consisting of at fewest four 
elementary bodies, viz., carbon, hydrogen, oxygen, 
aiul nitrogen, united into the ill-defined compound 
known as protein, and associated with much 
water, and very generally, if not always, with 
sulphur and phosphorus in minute propoiiiions. 
Moreover, up to the present time, protein is known 
only as a product and constituent of living 
matter. Again, a true germ is either devoid of 
any structure discernible by optical means, or, at 
most, it is a siin])le nucleated cell.^ 

In all cases the process of evolution consists in 
a succession of changes of the form, structure, 
and riinctions of the genu, by which it passes, 
stt^i» by step, from an extreme simplicity, or rela- 
tivt^ homogeneity, of visible structure, to a greater 
or liiss degree of complexity or heterogeneity; 
and the course of progressive differentiation is 
usually accompanied by growth, which is effected 
by intussusc-t^pUon. This intussusception, how- 
twor, is a very dilferont])rocoss from that imagined 
eitluir by IhiUbu or by ']h)nuot The substance 
by tht5 iwlditiou of which the germ is enlarged is 
in no ease simply absorbed, ready-made, from the 
not-living world and packed bedwe^on the elemen¬ 
tary constituents of the germ, as Bonnet imagined; 

^ Iii <»UK 0 H of HoxlosH itmlUpIv'iition tho germ is a cell- 
—if wo call germ only tliai which is already detached 
from the parent organisin. 
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still less does it consist of the '' molecules or- 
gaiiicjues of Buffon. The new material is, in great 
measure, not only absorbed but assimilated, so 
that it becomes part and parcel of the molecular 
structure of the living body into which it enters. 
And, so far from the fully developed organism 
being simply the germ flm the nutriment which 
it has absorbed, it is probable that the adult con¬ 
tains neither in form, nor in substance, more than 
an inappreciable fraction of the constituents of 
the germ, and that it is almost, if not wholly, 
made up of assimilated and metamorphosed 
nutriment. In the great majority of cases, at 
any rate, the full-grown organism becomes what 
it is by the absorption of not-living matter, and 
its conversion into living matter of a specific type. 
As Harvey says (Ex. 45), all parts of the body 
are nourished ‘'ab eodem succo alibili, aliter 
aliterque cambiato,*'ut plantse omnes ex eodem 
communi nutrimento (sive rore seu terras 
humore).” 

In all animals and plants above the lowest the 
germ is a nucleated cell, using that term in its 
broadest sense; and the first step in the process 
of the evolution of the individual is the division 
of this cell into two or more portions. The pro¬ 
cess of division is repeated, until the organism, 
from being unicellular, becomes multicellular. 
The single cell becomes a cell-aggregate; and it 
is to the growth and metamorphosis of the cells 
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of the cell-aggregate thus produced, that all the 
organs and tissues of the adult owe their origin. 

In certain animals belonging to every one of 
the chief groups into which the Metazoa are 
divisible, the cells of the cell-aggregate which 
results from the process of yelk-division, and 
which is termed a morula, diverge from one 
another in such a manner as to give rise to a 
central space, around which they dispose them¬ 
selves as a coat or envelope; and thus the morula 
becomes a vesicle filled with fluid, the ;planula. 
The wall of the planula is next pushed in on one 
side, or iuvaginated, whereby it is converted into 
a double-walled sac with an opening, the Uasto- 
pore, which leads into the cavity lined by the 
inner wall. This cavity is the primitive alimen¬ 
tary cavity or archenteron; the inner or inva- 
ginated layer is the hypoblast; the outer the 
epiUast; and the embryo, in this stage, is termed 
a gasinda. In all the higher animals a layer of 
(sells makes its appearance between the hypoblast 
and the epiblast, and is termed the mesohlast In 
the furtlier course of develoinnent the epiblast 
becomes the ectoderm or epidermic layer of the 
body; the hypoblast becomes the epithelium of 
the middle portion of the alimentary canal; and 
the mesoblast gives rise to all the other tissues, 
except the central nervous system, which origin¬ 
ates from an ingrowth of the epiblast. 

Witli more or less modification in detail, the 
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embryo has been observed to pass through these 
successive evolutional stages in sundry Sponges, 
Coelenterates, Worms, Echinodcrms, Tunicates, 
Arthropods, Mollusks, and Vertebrates; and there 
are valid reasons for the belief that all animals of 
higher organisation than the Protozoa agree in the 
general character of the early stages of their indi¬ 
vidual evolution. Each, starting from the condition 
of a simple nucleated cell, becomes a cell-aggregate; 
and this passes through a condition which re¬ 
presents the gastrula stage, before taking on the 
features distinctive of the group to which it belongs. 
Stated in this form, the “gastrsea theory*' of 
Haeckel appears to the present writer to be one of 
most important and best founded of recent general¬ 
isations. So far as individual jdants and animals 
are concerned, therefore, evolution is not a specu¬ 
lation but a fact; and it takes iilace by epigenesis. 

**Animal. . . perprocroatur,materiamsiinulattra- 
hit, parat, concoquit, et eCidem utitur; formatur sinml ot angotur 
.. . primum futuri corporis concrementum , . . prout augt^tur, 
(lividitur sensim et distinguitur in partes, non siniul omnoH, sod 
alias post alias natas, ct ordine (piasque suo cmergeiitcs.*' ^ 

In these words, by the divination of genius, 
Harvey, in the seventeenth century, summed up 
the outcome of the work of all those who, with 
appliances he could not dream of, are continuing 
his labours in the nineteenth century. 

^ ^ Harvey, Bxcrcitatioim clc QenmUione, E'?. 45, ‘‘(Juoenum 
sit pulli materia et quoinodo fiat in Ovo.’’ 
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Nevertheless, though the doctrine of epigenesis, 
as understood by Harvey,has definitively triumphed 
over the doctrine of evolution, as understood 
by his opponents of the eighteenth century, 
it is not impossible that, when the analysis of the 
process of development is carried still further, and 
the origin of the molecular components of the 
physically gross, though sensibly minute, bodies 
which we term germs is traced, the theory of de¬ 
velopment will approach more nearly to meta¬ 
morphosis than to epigenesis. Harvey thought 
that impregnation influenced the female organism 
as a contagion j and that the blood, which he con¬ 
ceived to be the first rudiment of the germ, arose 
in the clear fluid of the colliquamentum of the 
ovum by a process of concrescence, as a sort of 
living precipitate. We now know, on the contrary, 
that the female germ or ovum, in all the higher 
animals and plants, is a body which possesses the 
structure of a nucleated cell; that impregnation 
consists in the fusion of the substance ^ of another 
more or less modified nucleated cell, the male germ, 
with the ovum; and that the structural com¬ 
ponents of the body of the embryo are all derived, 
by a process of division, from the coalesced male 
and female germs. Hence it is conceivable, and 
indeed probable, that every part of the adult con¬ 
tains molecules, derived both from the male and 


^ fAt any rate of tho nuclei of tho two gorjn-colls. 1893], 
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from the female parent; and that, regarded as a 
mass of molecules, the entire organism may he com¬ 
pared to a web of which the warp is derived from the 
female and the woof from the male. And each of 
these may constitute one individuality, in the same 
sense as the whole organism is one individual, al¬ 
though the matter of the organism has been con¬ 
stantly changing. The primitive male and female 
molecules may play the part of Buffon's '' moules 
organiques,’^ and mould the assimilated nutriment, 
each according to its own type, into innumerable 
new molecules. From this point of view the process, 
which, in its superficial aspect, is epigenesis, appears 
in essence, to be evolution, in the modified sense 
adopted in Bonnet’s later writings; and develop¬ 
ment is merely the expansion of a potential organ¬ 
ism or original preformation ” according to fixed 
laws. 

II. The Evolution of the Sum of Living Beings. 

The notion that all the kinds of animals and 
plants may have come into existence by the growth 
and modification of primordial germs is as old as 
speculative thought; but the modern scientific 
form of the doctrine can be traced historically to 
the influence of several converging lines of philo¬ 
sophical speculation and of physical observation, 
none of which go farther back than the seven¬ 
teenth century. These are:— 
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1. The enunciation by Descartes of the concejfT-— 
tion that the physical universe, whether living or 
not living, is a mechanism, and that, as such, it is 
explicable on physical principles, 

2. The observation of the gradations of struc¬ 
ture, from extreme simplicity to very great com¬ 
plexity, presented by living things, and of the 
relation of these graduated forms to one another. 

3. The observation of the existence of an anal¬ 
ogy between the series of gradations presented by 
the species which compose any great group of 
animals or plants, and the series of embryonic 
conditions of the highest members of that group. 

4. The observation that large groups of species 
of widely different habits present the same funda¬ 
mental plan of structure; and that parts of the 
same animal or plant, the functions of which are 
very different, likewise exhibit modifications of a 
common plan. 

6. The observation of the existence of structures, 
in a rudimentary and apparently useless condition, 
in one species of a group, which are fully devel¬ 
oped and have definite functions in other species 
of the same group. 

6. The observation of the effects of varying 
conditions in modifying living organisms. 

7. The observation of the facts of geographical 
distribution. 

8. The observation of the facts of the geological 
succession of the forms of life. 
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1. Notwithstanding the elaborate disguiso which 
fear of the powers that were led Descartes to 
throw over his real opinions, it is impossible to 
read thePrincipes de la Philosophie ” without 
acquiring the conviction that this great philosopher 
held that the physical world and all things in it, 
whether living or not living, have originated by a 
process of evolution, due to the continuous opera¬ 
tion of purely physical causes, out of a primitive 
relatively formless matter.^ 

The following passage is especially instructive 

“Et taut s’en faut quo je veuille quo Ton oroio toutoH 1«*h 
choses quo j’ecrirai, que mSmeje pretends en proposer ici quol<pics 
unes que je crois absolument 6tre fausses; h, savoir, je no doui(< 
point que le monde n’ait ete cree au comineuceinent aveo autanl 
de perfection qu’il en a ; en sorto que Ic soleil, la ton'o, la hnio, 
ct los etoiles ont cto dJss lors ; el quo la torre n’a pas cu aoulewuait 
en soi Ics semences dcs plantcs, inais quo Ics plan ten niomc on 
ont convert une partie ; et qu' Adam ct Evo n’ont pun <'te or/‘'*H 
enfansmais en dge d’liommes parfaits. La religion e.InvUonno 
vent que nous lo croyons ainsi, et la raison naturell<i nous ptuwiudc, 
entifereineiit cette vorito ; car si nous considorons la tonto puis- 
sauce de Dieu, nous devons juger qim tout ce qu’il a fait a cu dcs 
le commencement tonto la perfection qii’il devoit avoir. Mais 
ncanmoins, comnic on coiiuOitroit bcauconp mieux qutdlo a etc la 
nature d’Adam ot cello dos arbres de Baradis si on avoit oxaniini) 
comment les enfants so formont pen ^ipeudans Ic vontro (Ic Icura 
m^res et comment les plantcs sortent do lours s(*nM‘nc.cK, (|uo hi 
on avoit seulement consider^ quels ils ont cle quaml Dicti Ics a 
crees: tout do memo, nous fcroiis nii(mx (‘ntc-ndrc (ludlc cst 


^ As Buffon li?is well said ;—L’ideo du ranicncr 
de tons les pliciiomcncs a dcs principcs m<M^a)n‘<(incH (‘st {issnrc- 
meiit grande et belle, co pas est leplus liardi (ju’ou |H!Ut faint cn 
philosophic, otc’ost Descartes qui Ta fait/’—p. 50. 
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gentWemcnt la nature de toutes los clioses qui sontau monde si 
nous pouvons imaginer queL^ues principes qui soient fort intellL 
gibles et fort simples, desquols nous puissionsvoir clairomont quo 
les astres et la terre et enlin tout co monde visible auroit pu Stro 
prodiiit aiiisi que dc quolques semences (bien quo nous sacliions 
qu’il n’a pas 6te produit cn cette fa<jon) quo si nous la dccrivions 
seulement comme il est, on bion comme nous croyons qu’il a ete 
cree. Et parceciuo jo ponso avoir trouve des principes qui sont 
tels, je tacEerai ici do los expliquer.” ^ 

If we read between the lines of this singular 
exhibition of force of one kind and weakness of 
another, it is clear that Descartes believed that he 
had divined the mode in which the physical uni¬ 
verse had been evolved; and the “ Traite de 
rHomme,'* and the essay “ Sur les Passions ” afford 
abundant additional evidence that he sought for, 
and thought he had found, an explanation of the 
phenomena of physical life by deduction from 
purely physical laws. 

Spinoza abounds in the same sense, and is as 
usual perfectly candid— 

Natuuu leges et reguljc, secundum quas omnia fiunt et ex 
unis formis in alias mutantur, sunt ubiquo et semper eadem.” ^ 

Leibnitz's doctrine of continuity necessarily led 
him in the same direction; and, of the infinite 
multitude of monads with which he peopled the 
world, each is supposed to be the focus of an end¬ 
less process of evolution and involution. In the 

^ Principes de la PhilosophiGt Troisibme partie, § 45. 

® Mlhices, I’ars tertia, Prsefatio. 
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Protogsea/’ xxvi,, Leibnitz distinctly suggests the 
mutability of species— 

“ Alii mirantur in saxis passim species videii qnas vel in orbe 
cognito, vel saltern in vicinis locis frustra quaeras. * Ita Cornua 
Ammonis/ quae ex nautiloriim numero babeantur, passim et 
forma et magnitudme (nam et pedali diametro aliquando reperiiin- 
tur) ab omnibus illis naturis discrepare dicunt, quas puebet mare. 
Sed quis absconditos ejus recessus aut subterraneas abysses per- 
vestigavit 1 quam multa nobis animalia anteaiguota offertnovus 
orbisi Et credibile est per magnas illas conversiones etiani 
animalium species plurimum immutatas.” 

Thus, in the end of the seventeenth century, 
the seed was sown which has, at intervals, brought 
forth recurrent crops of evolutional hypotheses, 
based, more or less completely, on general 
reasonings. 

Among the eaidiest of these speculations is 
that put forward by Benoit de Maillet in his 
‘‘Telliamed,” which, though printed in 1735, was 
not published until twenty-three years latei% 
Considering that this book was written before the 
time of Haller, or Bonnet, or Linnseus, or Hutton, 
it surely deserves more respectful consideration 
than it usually receives. For De Maillet not only 
has a definite conception of the plasticity of living 
things, and of the production of existing species 
by the modification of their predecessors; but he 
clearly apprehends the cardinal maxim of modern 
geological science, that the explanation of the 
structure of the globe is to be sought in the 
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deductive application to geological phenomena of 
the principles established inductively by the study 
of the present course of nature. Somewhat later, 
Maupertuis^ suggested a curious hypothesis as to 
the causes of variation, which he thinks may be 
sufficient to account for the origin of all animals 
from a single pair. Eobinet ^ followed out much 
the same line of thought as De Maillet, but less 
soberly; and Bonnet’s speculations in the ‘‘ Paling- 
6n6sie,” which appeared in 1769, have already 
been mentioned. Buffon (1753'1778), at first a 
partisan of the absolute immutability of species, 
subsequently appears to have believed that larger 
or smaller groups of species have been produced 
by the modification of a primitive stock ; but he 
contributed nothing to the general doctrine of 
evolution. 

Erasmus Darwin (“Zoonomia,” 1794), though a 
zealous evolutionist, can hardly be said to have 
made any real advance on his predecessors; and, 
notwithstanding that Goethe (1791-4) had the 
advantage of a wide knowledge of mox'phological 
facts, and a true insight into their signification, 
while he threw all the power of a great poet into 
the expression of his conceptions, it may be ques¬ 
tioned whether he supplied the doctrine of evolu- 

1 fiysUme de la Naiurc, Essai sur la Formation des Corps 
Organises,” 1751, xiv. 

** CoTisidUTCttioT^ JPhilosophiques s% 07 ' la gTadaii 07 i noiiureZU des 
formes de VUre ; ou Ics cssais de la natwe gm apprend A fairs 
Vhomme, 1768. 

VOL. II 
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tioii with a firmer scientific basis than it already 
possessed. Moreover, whatever the value of 
Goethe’s labours in that field, they were not 
published before 1820, long after evolutionism had 
taken a new departure from the works of Trevir- 
anus and Lamarck—the first of its advocates who 
were equipped for their task with the needful 
large and accurate knowledge of the phenomena of 
life, as a whole. It is remarkable that each of 
these writers seems to have been led, independ¬ 
ently and contemporaneously, to invent the same 
name of Biology ” for the science of the pheno¬ 
mena of life; and thus, following Buffon, to have 
recognised the essential unity of these phenomena, 
and their contradistinction from those of inanimate 
naturb. And it is hard to say whether Lamarck 
or Treviranus has the priority in propounding the 
main thesis of the doctrine of evolution; for 
though the first volume of Treviranus’s Biologic ” 
appeared only in 1802, he says, in the preface to 
his later work, the '' Erscheinungen und Gesetze 
des organischen Lebens,” dated 1831, that he 
wrote the first volume of the Biologic ” '^nearly 
five-and-thirty years ago,” or about 1796. 

Now, in 1794, there is evidence that Lamarck 
held doctrines which present a striking contrast to 
those which are to be found in the ''Pliilosophic 
Zoologique,” as the following passages show ;—■ 

“ 685. Quoique mon unique objet dans cot article n'ait ^tdquo 
de traiter de la cause physique de Tentretion do la vie doa 6troH 
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organiques, malgre cela j’ai ose avancer en debutant, que Texist- 
ence de ces tes ^tonnants n’appartiennent nnllement h la 
nature; que tout ce qu’on pent entendre par lo mot nature^ ne 
pouvoit donner la vie, c’est-Ji-dire, que toutes les qualites de la 
matibre, jointes b. toutes les circonstances possibles, et m^nie b. 
Tactivite repandue dans Tunivers, ne pouvaient point produire 
un 6tre muni du mouvement organique, capable de reproduire 
son semblable, et sujet b la mort. 

“686. Tons les individus de cette nature, qui existent, pro- 
viennent d’individus semblables qui tous ensemble constituent 
Tespbee entibre. Or, je crois qu’il est aussi impossible b Thomme 
do connditre la cause physique du premier individu de ebaque 
espece, que d^assigner aussi physiquoment la cause de Texistence 
de la matibre ou do I’univers eiitier. C’est au moins ce que le 
resultat de mes connaissances et de mes reflexions me portent a 
penser. S’ll existe beau coup do varietes produites par Teffet des 
circonstances, ces varietes nodbnaturent point les espbees ; mais 
on se trompe, sans doute souvent, en indiquant comme espbee, ce 
qui n’est que variete; et alors je sens que cette erreur pent tirer 
h consequence dans les raisonnements que Ton fait sur cette 
matibro.”^ 

The first three volumes of Treviranus’s “ Bio- 
logie,” which contain his general views of 
evolution, appeared between 1802 and 1805. The 
Becherches sur Y organisation des corps vivants,’" 
in which the outlines of Lamarck’s doctrines are 
given, was published in 1802; but the full develop- 

1 Jiecherches sur los causes des prind^aux faits :^hysiquesy 
par J. B, Lamarck. Paris. Secondo annee de la Eepublique. 
In the preface, Lamarck says that the work was written in 1776, 
and presented to the Academy in 1780; but it was not published 
before 1794, and, at that time, it presumably expressed Lamarck’s 
mature views. It would be interesting to know what brought 
about the change of opinion manifested in the Meeherehes sur 
Vorgauisation des corps dwTits^ published only seven years 
later, 

P 2 
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meat of his views, in the Philosophie 
Zoologique,” did not take place -until 1809. 

The Biologie and the Philosophie Zoolo- 
gique ” aie both very remarkable productions, and 
are still worthy of attentive study, but they fell 
upon evil times. The vast authority of Cuvier 
was employed in support of the traditionally 
respectable hypotheses of special creation and of 
catastrophism ; and the wild speculations of the 
** Discours sur les Revolutions de la Surface du 
Globe” were held to be models of sound scientific 
thinking, while the really much more sober and 
philosophical hypotheses of the ‘‘Hydrogeologie 
were scouted. For many years it was the fashion 
to speak of Lamarck with ridicule, while Trevir- 
anus was altogether ignored. 

Nevertheless, the work had been done. The 
conception of evolution was henceforward irrepres¬ 
sible, and it incessantly reappears, in one shape or 
another,’- up to the year 1858, when Mr. Darwin 
and Mr. Wallace published their '^Theory of 
Natural Selection.” The "Origin of Species” 
appeared in 1859; and it is within the knowledge 
of all whose memories go back to that time, that, 
henceforward, the doctrine of evolution has 
assumed a position and acquired an importance 
which it never before possessed. In the " Origin 
of Species,” and in his other numerous and 

^ See the ‘^Historical Sketch" prefixed to the last edition of 
the Origin of Species, 
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important contributions to the solution of the 
problem of biological evolution, Mr. Darwin con¬ 
fines himself to the discussion of the causes which 
have brought about the present condition of living 
matter, assuming such matter to have once come 
into existence. On the other hand, Mr. Spencer ^ 
and Professor Haeckel ^ have dealt with the whole 
problem of evolution. The profound and vigorous 
writings of Mr, Spencer embody the spirit of 
Descartes in the knowledge of our own day, and 
may be regarded as the “ Principes de la 
Philosophieof the nineteenth century; while, 
whatever hesitation may not unfrequently be felt 
by less daring minds, in following Haeckel in many 
of his speculations, his attempt to systematise the 
doctrine of evolution and to exhibit its influence 
as the central thought of modem biology, cannot 
fail to have a far-reaching influence on the progress 
of science. 

If we seek for the reason of the diiference 
between the scientific position of the doctrine of 
evolution a century ago, and that which it occupies 
now, we shall find it in the great accumulation 
of facts, the several classes of which have been 
enumerated above, under the second to the eighth 
heads. For those which are grouped under the 
second to the seventh of these classes, respectively^ 
have a clear significance on the hypothesis of 

^ First Frimiples, and Principles of Biology, 1860-1864. 

* Qeneo'clle Morphologic, 1866. 
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evolution, wMle they are unintelligible if that 
hypothesis be denied. And those of the eighth 
group are not only unintelligible without the 
assumption of evolution, but can be proved never 
to be discordant with that hypothesis, while, in 
some cases, they are exactly such as the hypothesis 
requires. The demonstration of these assertions 
would require a volume, but the general nature of 
the evidence on which they rest may bo briefly 
indicated. 

2. The accurate investigation of the lowest 
forms of animal life, commenced by Leeuweu]u>ok 
and Swammerdam, and continued by the remark¬ 
able labours of Reaumur, Trombley, Bonnet, and a 
host of other observers, in the latter part of ilie 
seventeenth and the first half of the eighteenth 
centuries, drew the attention of biologists Lo the 
gradation in the complexity of organisation winch 
is presented by living beings, and culminated in 
the doctrine of the ^'4chelle des Stres,’* so power¬ 
fully and clearly stated by Bonnot; and, before 
him, adumbrated by Locke and by Lcihuitis. In 
the then state of knowledge, it appeared that all 
the species of animals and plants could be 
arranged in one series; in such a manner that, by 
insensible gradations, the mineral passed into the 
plant, the plant into the polype, the polype into 
the worm, and so, through gradually higher forms 
of life, to man, at the summit of tim aniirmted 
world. 
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But, as knowledge advanced, this conception 
ceased to be tenable in the crude form in which 
it was lirst put forward. Taking into account 
existing a.niinals and plants alone, it became 
obvious that they fell into groups which were 
morc 3 or less sharply separated from one another; 
and, moreover, that even the species of a genus 
can hardly ever be arranged in linear series. 
Their natural resemblances and differences are 
only to be expressed by disposing them as if they 
were branches springing from a common hypo¬ 
thetical centre. 

Lamarck, wliilc afiinning the verbal proposition 
that animals form a single series, was forced by his 
vast acijuaintance %vith tlie details of zoology to 
liuiit tlie assertion to such a series as may be 
formed out of the abstractions constituted by the 
common characters of each group.^ 

Cuvier on anatomical, and Von Baer on embryo- 
logical grounds, made the further step of proving 
that, even hi this Hmitt^d sense, animals cannot be 
arranged in a single series, but that there arc 
8ovm‘al (liHiinct plans of organisation to be observed 
among them, no one of which, in its highest and 
most complicated modification, lemls to any of the 
others* 

* li n^nigit tloia: tie pmuvar quo la nk'k qui constitue 
r4cljt‘Uo ainiimk rositk ewHOutialkmont tlau» to distrikitioa des 
siiaHHOB pnnci|mk*s qui la conijMmuit «t non dau«o«ltodosesp^oo» 
ni touinuvH daiiH ilof* gmvm,**^FhiiofK>ph4i Boolog^w^ 
tdrnp, V. 
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Thi* c(UH‘.hisioi»K onmicKi-tod by Ouvier and Von 
Tijun’ liavo be<‘n coniirmod, in principle, by all 
Hubso([nent rcsi^arcli into tbc stnicturo of animals 
and plants. But the offeci of tlio adoption of 
tliu.se conclusions has been rather to substitute a 
innv nndaplior for that of Bonnet than to abolish 
tin* (lonceplion (*xpr(‘sst‘d by it. Inst(‘ad of regard- 
ing living things a.s ea])able of arrangeanent in one 
S(‘ries like the stt‘ps of a ladd(*r, the results of 
modern invitstigation compel us to dispose them 
as if tlu*y wen* tlu^ twigs and hranchos of a tree. 
Tlu^ ends of tin* twigs repn‘sent individuals, the 
smalktsi groujjs oi‘ twigs s})ecies, larger groups 
gt‘m*ra,, and so on, until arrive* at tlie source of 
all tli<‘St^ ramifications of tlna m/iiu hranch, which 
is repr(*sentt‘d hya. common jilan of structure. At 
the pr(*sent momenh it is impossible to draw up 
a.ny defniiUon, based on broad anatomical or 
dcvelopnH‘nfal chara(^t.c*rs, by wbi<h any one of 
(*uvicr\s great groups shall l)c scjwiraUid from all 
Un* rest. On the contrary, the lowi*r nmmbors of 
(*mh tend to converge* towards tin* lowcu* nnnnbers 
of all tin* others, Tim sanuf may be said of the 
Vifgctabhj world. Tint apparcmtly (d<*ur distinction 
betvvce.n tltavtu’irig and lIow<‘rI<tSH plants has been 
brok<m down by tint series of gradations between 
the tw<i (txhibih*d liy the. ZyeapfHiiucemt lihizo- 
Opmosjmrmea^ Tint gr()U])S of Fmg% 
and Algm have <!om]d(tt(dy run into one 
another, ami, wln*n tint lowt‘st forms of <tach are 
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alone considered, even tlic animal and vegetable 
kingdoms cease to have a definite frontier. 

If it is permissible to speak of tlie relations of 
living forms to one another metaphorically, the 
similitude chosen must undoubtedly be that of a 
common root, whence two main trunks, one repre¬ 
senting the vegetable and one the animal world, 
spring; and, each dividing into a few main 
branches, those subdivide into multitudes of 
branchlets and these into smaller groups of 
twigs. 

As Lamarck has well said—^ 

“ II u’y a ij[ue coux qui so sent longtoinps et ibrteraent occupijs 
do la determination dcs osi)ecos, ct f{ui ont consul to do riclios 
collections, qm i>eiivent savoir jus< 111*11 <iuel point les 
parmi los corps vivants sc fondent les uucs dans les autres, ct 
ont pu so convaincre que, dans los i)arties oil nous voyons dos 
esp'eccs isolts, cola n'ost ainsi que ])arcequ’il nous on manque 
d'autres qui en sont plus voisines et (pxc nous u’avons pas encore 
recucillios. 

Je no veux pas dire pour cela quo l(^s animaiix (pii (‘xisteut 
forinont uno scrie triis-simplc ot i>art()ut (‘galoment nuancoo; 
mais je dis qu’ils fonuont uno scrio raincnsc, irrcgulioivmcnt 
gnidur^c oi qui n'a point do discontiniiito dans s<‘,s ]>arti(‘s, ou(|ui, 
du moins, n*cn a toujours pas on, s’il (^st vrai (pnj, i)ar suite do 
quclqucs ospi^cos porduos, il s’on trouvcj (piol<iue part. II on 
rcsulto quo los espkm qui tcnninctit chaquo rameau do la soric 
gonMo tiennont, au moins d’un cdt<i, h d’autres cspoo.es voisinos 
qui se nuancent avec olios. Voilt\ co qixo I’otai Lion connu den 
choses me met inaintonant portoo do domontrer. Jo n’ai 
besoin d’auouno liypotheso ni d'aucune supposition pour cela: 
j’en attesto tous los naturalistos observatours.” 


^ PhiloBi^hie ^oolugiguc, promiiiro partio, chap, iii. 
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3. la a remarkable essay ^ Meckel remarks— 

“There iH no good physiologist who has iiothccn struck by 
the observation that the original rorni of all organisms is one and 
the same, and that out of this one form, all, the lowest as well as 
the highest, are developed in such a manner that the latter i>ass 
through the i>ermanent forms of the former as transitory stages. 
Aristotle, Haller, Harvey, JCielm(‘ycr, Autenriedh, and many 
others, have either made this observation incidentally, or, 
especially tin* latter, have drawn particular attention to it, 
and deduced therefrom results of permaiieut imi>ortauee for 
jiliysiology.” 

M(jckol proceeds to cxcniplify the thesis, that 
the lower fonus of aiuinals reproHoixt stages iu 
tlu‘, course of the <hwolopiueiit of the higlier, with 
a large series of ilhistraiioiis. 

After (comparing tlu^ Salaruauders and the 
pereiuiihraiuihiaUi Ihodvla with the Tadpoles and 
the Frogs, and ^iuuiuuatiiig the law that the more 
highly n,ny auiioal is organisi^d tlu‘ inon^ ([uickly 
does it }>iuss through tlie lower stages, Meckel goes 
ou to say— 

“ From thewi lowest ViU’tcbraia to the highest, and to tho 
higlutst forms among these, iho comparison hidwtjen tlm embry¬ 
onic conditions of tho higlu^ranitnals and the adult states of tint 
lower can be more cotnphdely and thoroughly instituteil than if 
tho survey is exhmdod to the Invortehrata, inasmuch us thelathir 
ariun matiyrospccjts t^oustrucUsl upon an altogothor too dissimilar 
typo ; iudiicd they often tliffer from one another far more tlian 
ih(j lowest vtu-tehraio does from tht» highest mammal; yet tlwi 


1 “ Kniwurf einor Darstollung der swisclum dem Kmhryoisus- 
tande dor h()h(n‘on Thiore und <lem ptunaanenton dor xiiedoron 
statitiiid(Mid<nvrarallele,*’i;6‘2^'^rd>‘^ l^uujkhilimdcnAmiomu^ 
lid. ii. 1811. 
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following pages will show that the companson may also be 
extended to them with interest. In fact, there is a X)eriod when, 
as Aristotle long ago said, the embryo of the highest animal 
has the fonn of a mere worm; and, devoid of internal and 
external organisation, is merely an almost structureless lumj^ of 
Ijolype substance. Noth withstanding the origin of organs^ it 
still for a certain time, by reason of its want of an internal bony 
skeleton, remains woim and mollusk, and only later enters into 
tlie series of the Yertebrata, although traces of the vertebral 
column even in the earliest i>eriods testify its claim to a place 
in that series.”— Op. ciL i>p. 4, 5, 

If Meekers proposition is so far qualified, that 
the comparison of adult with embryonic forms is. 
restricted within the limits of one typo of organi¬ 
sation ; and, if it is further rocollected that the 
resemblance between the permanent lower form 
and the embryonic stage of a higher form is not 
special but general, it is in entire accordance with 
modern embryology; although tliore is no branch 
of biology which has grown so largely, and im¬ 
proved its methods so much, since Meckel’s time, 
as this. In its original form, the doctrine of 
arrest of development/’ as advocated by Qeoflroy 
Saiut-Hilaire tind Serres, was no doubt an over¬ 
statement of tlie case. It is not true, for example, 
that a fish is a reptile arrested in its development, 
or that a reptile was ever a fish: but it is true 
that the reptile embryo, at one stage of its 
development, is an organism which, if it liad an 
independent existence, must bo classified among 
fishes; and all the organs of the reptile pass, in 
the course of tiioir development, through conditions 
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which are closely analogous to those whicli are 
permanent in some fishes. 

4. That branch of biology which is termed Mor¬ 
phology is a commentary ujDon, and expansion of, 
the proposition that widely difierent animals or 
plants, and widely different parts of animals or 
plants, arc constructed upon the same plan. 
From the rough comparison of the skiilcton of a 
bird with that of a man by Belon, in the sixteenth 
<‘ontury (to go no farther back), down to the 
theory of the limbs and the theory of tlie skull at 
the present day ; or, from the first demonstration of 
th(i homologit‘S of th(} j^arts of a flower by G. F. 
Wolff, to the pnjs(‘Ut elaborate analysis of the 
floral organs, morphology exhibits a continual 
advance towards th(i demonstration of a funda¬ 
mental unity among the seenuing diversities of 
living stnictures. And this demonstration has 
Imm completed l)y the final (\stablishmont of the 
cell tluiory, wliith involves the admission of a 
primitive conformity, not only of all tlui elemen¬ 
tary structures in animals and plants respectively, 
but of those in the one of th<jse gr<jat divisions 
of living tilings with those in the other. No d 
jmori difficulty can be said to stand in the way of 
evolution, when it can be shown that all animals 
and all plants proceed by modes of development, 
wliicli are similar in principle, from a fundamental 
protoplasmic material. 

5. The innunKU'able (^ases of structures, which are 



EVOLUTION IN BIOLOGY 


221 


rudimentary and apparently useless, in species, 
the close allies of which possess well-developed 
and functionally important homologous structures, 
are readily intelligible on the theory of evolution, 
while it is hard to conceive their raison d'itre on 
any other hypothesis. However, a cautious rea- 
soner will probably rather explain such cases 
deductively from the doctrine of evolution than 
endeavour to support the doctrine of evolution by 
them. For it is almost impossible to prove that 
any structure, however rudimentary, is useless— 
that is to say, that it plays no part whatever in 
the economy; and, if it is in the slightest degree 
useful, there is no reason why, on the hypothesis 
of direct creation, it should not have been created. 
Nevertheless, double-edged as is the argument 
from rudimentary organs, there is probably none 
which has produced a greater effect in promoting 
the genera] acceptance of the theory of evo¬ 
lution. 

C. The older advocates of evolution sought for the 
causes of the process exclusively in the influence of 
varying conditions, such as climate and station, or 
hybridisation, upon living forms. Even Treviranus 
lias got no farther than this point. Lamarck in¬ 
troduced the conception of the action of an animal 
on itself as a factor in producing modification. 
Starting from the well-known fact that the 
habitual use of a limb tends to develop the muscles 
of the limb, and to produce a greater and greater 
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facility in using it, he made the general assumption 
that the effort of an animal to exert an organ in a 
given direction tends to develop the organ in that 
direction. But a little consideration showed that, 
though Lamarck had seized what, as far it goes, is 
a true cause of modification, it is a cause the actual 
effects of which are wholly inadequate to account 
for any considerable modification in animals, and 
which can have no mfiuonce at all in the vegetable 
world; and probably nothing contributed so much 
to discredit evolution, in the early part of this 
century, as the floods of easy ridicule which were 
poured upon this part of Lamarck’s speculation. 
The theory of natural selection, or survival of the 
fittest, was suggested by Wells in 1813, and 
farth(?r (daborai.e(l by Matthew in 1831. But the 
pregnant sugg<‘iStions of th<)so writers remained 
practically unnotic(ul and forgotten,until tluitlicory 
was in<lepcnd(Uitly devis(‘d an<l promulgated by 
Darwin a.n<l Wallace in 1858, and the effect- of its 
publication was imnnuliate and profound. 

Those who mnv, unwilling to accept evolution, 
without better grounds than sucli as arc offiennlby 
Lamarck, or the author of that particularly un« 
satisfijotory book, the * VoKstiges of the Natural 
History of the Creation,'’ and wlu> therefore 
pnd(inHi<l to suspend their jiulgnumt on the 
((uestion, found, in tlw) principle of selective 
bnieding, pursiUMl in all its ap}>licationa with 
marv(ill<)us knowledge and skill by Mr, Darwin, a 
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valid explanation of the occurrence of varieties and 
races; and they saw clearly that, if the explanation 
would apply to species, it would not only solve the 
problem of their evolution, but that it would ac¬ 
count for the facts of teleology, as well as for those 
of morphology; and for the persistence of some 
forms of life unchanged through long epochs of 
time, while others undergo comparatively rapid 
metamorphosis. 

How far ^'natural selection” suffices for the pro¬ 
duction of species remains to be seen. Few can 
doubt that, if not the whole cause, it is a very im¬ 
portant factor in that operation; and that it must 
play a great part in the sorting out of varieties 
into those which arc transitory and those which 
are permanent. 

But the causes and conditions of variation have 
yet to be thoroughly explored ; and the importance 
of natural selection will not bo impaired, even if 
further inquiries should prove that variability 
is definite, and is determined in certain directions 
rather than in otlaers, by conditions inherent in 
that which varies. It is quite conceivable that 
every species tends to produce varieties of a 
limited number and kind, and that the effect of 
natural selection is to favour the development of 
some of these, while it opposes the development 
of others along thc‘ir predetermined Hues of modi¬ 
fication. 

7. No truths brotight to light by biological 
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investigation wore better calculated to inspire 
distrust of the dogmas intruded upon science in 
the name of theology, than those which relate to 
the distribution of animals and plants on the 
surface of the earth. Very skilful accommodation 
was needful, if tlic limitation of alotlis to South 
America, and of the ornithorhyuchus to Australia, 
was to bo reconciled with the litoral interpretation 
of the history of the deluge; and with the estab¬ 
lishment of tlio existence of distinct provinces of 
distribution, any serious belicjf in the peopling of 
the world by migration from Mount Ararat came 
to an end. 

Under these circumstan<'.os, only one alternative 
was left for those who denied tlio occurrence of 
evolution—namely, the su])position that the 
characteristic animals and plants of each great 
province were created as such, within the limits in 
which we iind them. And as the liypothesis of 
specific c(mtrc8,’* thus formulated, was heterodox 
from the theological point of view, and unintelli¬ 
gible under its scientific aspect, it may bo passed 
over without further notice, as a phase of transi¬ 
tion from the creational to the evolutional hypo¬ 
thesis. 

8. In fact, the strongest and most conclusive 
arguments in favour of evolution are those which 
arc based upon the facts of geographical, taken 
in conjunction with those of g(U)logical, distri¬ 
bution. 
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Both Mr. Darwin and Mr* Wallace lay great 
stress on the close relation which obtains between 
the existing fauna of any region and that of the 
immediately antecedent geological epoch in the 
same region; and rightly, for it is in truth in¬ 
conceivable that there should be no genetic 
connection between the two. It is possible to put 
into words the proposition that all the animals and 
plants of each geological epoch were annihilated 
and that a new set of very similar forms was 
created for the next epoch ; but it may be doubted 
if any one who ever tried to form a distinct mental 
image of this process of spontaneous generation on 
the grandest scale, ever really succeeded in real¬ 
ising it. 

Within the last twenty years, the attention of 
the best palaeontologists has been withdrawn from 
the hodman^s work of making " new species of 
fossils, to the scientific task of completing our 
knowledge of individual species, and tracing out 
the succession of the forms presented by any 
given type in time. 

Those who desire to inform themselves of the 
nature and extent of the evidence bearing on those 
questions may consult the works of Kutimeyer, 
Gaudry, Kowalewsky, Marsh, and the writer of the 
present article* It must suffice, in this place, to 
say that the successive forms of the Equine type 
have been fully %vorked out; while those of nearly 
all the other existing types of Ungulate mammals 

VOL. xr q 
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and of the Garobwora have been almost as closely 
followed through the Tertiary deposits; the gra¬ 
dations between birds and reptiles have been 
traced; and the modifications undergone by the 
GQVCodilia, from the Triassic epoch to the present 
day, have been demonstrated. On the evidence of 
palajontology, the evolution of many existing forms 
of a,nimal life from their predecessors is no longer 
an hypothesis, but an historical fact; it is only the 
nature of the physiologic^al factors to which 
that evolution is due which is still open to dis¬ 
cussion. 

[At 200, tlui rcferoiicu to Erasmus Darwin does not do 
to that iugmiious wrihir, who, iu the ,‘h)th section of Ihti 
Zomumia, and rciMiJihidly (Mjumdates the theory of tho 

iiilnnitancc of ;i(‘(iuin'd jiiodificiitions. For exam i do : ‘‘From 
thoir first rudiimmt, or primordium, to thij termination of tlnur 
lives, all animals nmlcrgo porpcdnal transformations ; which arc 
in part produ(*(‘d hy thoir own ({xoriions in ♦ions(‘,<incn(*<‘ of thoir 
(l(*sir(‘s and av(*rsions, of thoir plo.asnros and thoir ])ains, or of 
irritation, or of assoc-iations ; and many of thewi uwiuinul forms 
or propiinsiiioH arc transmithul to their posterity.’^ Zoonomia L, 
p. 500. 1893.1 
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OF SPECIES 

[ 1880 ] 

Many of you will bo familiar witli the aspect ot 
this small green-covered book. It is a copy of the 
first edition of the '' Origin of Species/’ and bears 
the date of its production—^tlie 1st of October 
1859. Only a few months, therefore, are needed 
to complete the full tale of twenty-one years since 
its birthday. 

Those whose memories carry them back to this 
time will remember tliat the infant was remai'kably 
lively, and that a great number of excellent per¬ 
sons mistook its manifestations of a vigorous 
individuality for mere naughtiness ; in fact there 
was a very pretty turmoil about its cradle. My 
recollections of the period are particularly vivid; 
for, having conceived a tender affection for a child 
of what appeared to mo to be such remarkable 
promise, I acted for some time in the capacity of a 

Q 2 
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sort of under-nurse, and thus came in for luy share 
of the storms which threatened the very life of 
the young creature. For some years it was 
undoubtedly warm work; but considering how 
exceedingly unpleasant the apparition of the new¬ 
comer must have been to those who did not fall in 
love with him at first sight, I think it is to the 
credit of our ago that the war was not fiercer, and 
that the more bitter and unscrupulous forms of 
opposition died away as soon as they did. 

T speak of this period as of something past and 
gone, possessing merely an historical, I had almost 
said an aui.icpiarian interest. For, during the 
second decade of the existence of the Origin of 
Species,'" opposition, though by no means dead, 
assumed a diilerent aspect. Ou tlie part of all 
those who had any reason to respect themselves, 
it assumed a thoroughly respectful character. By 
this thms, the dulh^st began to ])ercoive that the 
child was not likfdy to perish of any congenital 
woaktuiHS or infantile disorder, hut was growing 
into a stalwart i)crsonag(% upon whotii more goody 
scoldings and threattmings with the birch-rod 
wore quite thrown away. 

In fact, those who have watched the progress of 
sciemee within the last ten years will bear me out 
to the Ml, when I assert that there is no field of 
biological hnpiiry in which the iufluenco of the 
Origin of R])oci(^s " is not trac(‘ablo; the foremost 
men of science in every countjy arc (dther avowed 
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cliainpions of its leading doctrines, or at any rate 
abstain from opjxjsing them ; a host of young an<l 
ardent investigators seek for and find ins])iration 
and guidance in Mr. Darwin’s gi'eat work ; and the 
general doctrine of evolution, to one side of whidi 
it gives exijression, obtains, in tlie phenomena of 
biology, a firm base of operations whence it may 
conduct its conquest of the whole realm of Nature. 

History warns us, however, that it is the cus¬ 
tomary fate of now truths to begin as heresies and 
to end as superstitions ; and, as matters now stand, 
it is hardly rash to anticij)ate that., in finoilau' 
twenty y(‘ars, the new generation, <*duca.t(ul iaid<*r 
the inttueuces of the ]a'esent <lay, will be in danger 
of accepting the main doctriiKJS of the ** Origin of 
Species,” with as little reflcjction, ami it may bo 
with as little justification, as so many of our con¬ 
temporaries, twenty years ago, i*(‘je<}ted them. 

Against any such a consummation hit us all 
devoutly ju'uy; for the s(?i<‘ntific spirit is of tnore. 
vahui than its ])n>ducts, and irrationally Indd 
truths may ])c more Inirmful than reasomsl (UToru 
Nowtlui essence of the scientiihi spirit is<UTticiHm. 
It tells us that when(jv<jr a do(;trin(s edainm our 
assent we sliould rciply, Take it if you can comp(d 
it. The struggle for (ixisknuto holds as much in 
the intellectual as in tlui physical W(irl(l A theory 
is a Hp<icit‘S of thinking, ami its right to (jxist is 
(toextensivti with its ])ower of nisisting <jxtinction 
by its rivals. 
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From this point of view, it appears to me that 
it would “bo but a poor way of celebrating the 
Corning of Ago of the “ Origin of Species,” wore J 
merely to dwell upon the facts, undoubted and re¬ 
markable as they arc, of its far-reaching influence 
and of tlic great following of ardent disciples who 
are occupied in sin^oading and developing its 
doctrines. Mere insanities and inanities liavo 
before now swollen to portentous ksIzo in the course 
of twenty years. Let us rather ask this prodigious 
change in opinion to justify itself: let us iiKjuinj 
whetluir anything has happened sinc(3 185{), which 
will (5Xi)la.in, on rational grounds, wliy so many 
arc worHhip])ingthat which they burned, and burn¬ 
ing that which ihe^y worshippetl It is only in 
this way that \vt3 shall ac<iuirc the means of 
judging wbetlii(‘r tlui movement wo have witnessed 
is a menj eddy of fashion, or truly one with the 
irr<3V<jrsi1>le curnmt of inUdhictual *i>r(>gress, and, 
like it, safe from nd.rogr(‘ssivc reaction. 

Kvt‘ry Ixdiiifis the product of two factors: the 
lirst is the stab'.of the mind to wliich th<‘. evidence 
in favour of that belief is prescuited; and the 
S(u*.on<l is the logical cogency of ihv. twichmee itself. 
In both tlmse n^spcicts, the history of biological 
S(nen(i(i during the liist twenly y<‘ars app<iars to me 
to allbrd an ample explanation of the change 
whi<di has tak<iu plactr, and a consideration 
<dHlie salujut (wmits of that history will tmahle tis 
to understand why, if tlni “ Origin of species” ap- 
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peared now, it would meet with a very different 
reception from that which greeted it in 1859. 

Oiic-and-twenty years ago, in spite of the work 
commenced by Hutton and continued with rare 
skill and patience by Lyell, the dominant view of 
the past histoiy of the earth was catastrophic. 
Great and sudden physical revolutions, wholesale 
creations and extinctions of living beings, were the 
ordinary machinery of the geological epic brought 
into fashion by the misapplied genius of Cuvier. 
It was gravely inaintained and taught that the 
end of every geological epoch was signalised by a 
cataclysm, by which every living being on tlio 
globe was swept away, to be replaced by a brand- 
new creation when the world returned to quies- 
cenee* A scheme of nature which appeared to bo 
modelled on the likeness of a succession of rubbers 
of whist, at the end of each of which the players 
upset the table and called for a new pack, did not 
seem to shock anybody. 

I may be wrong, hub I doubt if, at the present 
time, tliore is a single responsible representative 
of those opinions left. Tl)o progress of scientific 
geology has (elevated the fundamental j)rinciple of 
uniforrintarianism,tliat the (explanation of the past 
is to ho sought in the study of the present, into 
the position of an axiom; and the wild specula¬ 
tions of the catastrojfiiists, to which w<e all listened 
with rcespcct a (juartor of a c(nitiiry ago, would 
hardly find a single patient hearer at the present 
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day. No physical geologist now dreams of seeking, 
outside the range of known natural causes, for the 
explanation of anything that happened millions of 
years ago, any more than he would be guilty 
of the like absurdity in regard to current events. 

The effect of tliis change of opinion tipon biolo¬ 
gical speculation is obvious. For, if tliere have 
been no periodical general physical catastrophes, 
what brought about the assumed general ex¬ 
tinctions and re-creations of life which are the 
corresponding biological catastrophes ? And, if no 
such interruptions of the ordinary course of nature 
have taken place? in the organic, any more than in 
the inorganic, world, what alternative is there to 
the admission of evolution ? 

The doctrine of evolution in biology is the 
nt‘cessary n^sult of the logical application of the 
l)rinci])les of uniformitarianism to the phenomena 
of life. Darwin is the natural successor of Hutton 
and Ly(?]l, and the “ Origin of Hpecies^' the logical 
scHpienoe of tin? “ Princi[)lcs of Geology” 

Th<? fundamental <lo(;trinc of ilu? '^Origin of 
Hp<jcies,” as of all forms of the tlujory of evolution 
appli(?d to biology, is ** that the innumerable 
species, genera, and families oforganic beings with 
which the world is peopled liavc all descended, 
each within its own (?lass or grou]), from common 
parents, and hav<? all hn^n modiihid in the course of 
descent.” ^ 


Orhjmof 1, ]>. 4r>7, 
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And, in view of tlio facts of geology, it follows 
that all living animals and plants '' are the lineal 
descendants of those which lived long before the 
Silurian epoch/' ^ 

It is an obvious consequence of this theory of 
descent with modification, as it is sometimes called, 
that all plants and animals, however different they 
may now be, must, at one time or other, have been 
connected by direct or indirect intermediate grada¬ 
tions, and that the appearance of isolation presented 
by various groiq^s of organic beings must be unreal. 

No part of Mr. Darwin's work ran more directly 
counter to the prepossessions of naturalists twenty 
years ago than this. And such prepossessions wore 
very <^xcnsablo, for tliero was undoubt<jdly a great 
deal to be said, at that time, in favour of the fixity 
of species and of the existence of great breaks, 
which there was no ol>vious or probable means of 
filling up, between various groups of organic beings. 

For various r<iasons, scientific and unscientific, 
much luwl been mad(i of the hiatus between man 
and the n^st of the higluu' mammalia, and it is no 
wonder that issue was first joined on this part of 
the controversy. I liavc no wish to revive past 
and happily forgott(iu controversies; but I must 
state the simjdc fa(^t that the distinctions in the 
cerebral an<l otlu^r chara<5t(jrs, which were so hotly 
aflfinned to separate man from all other animals in 
18()0, hav(t all been demonstrated to bo non- 
^ f^ri(jm of ^^jfccicth p. 4,58. 
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existent, and that tlio contrary doctrine is now 
universally accepted and tauglit. 

J>ut there were other cases in which the wide 
structural gaps assorted to exist l)etwccn one group 
of animals and anotlierworeljy no means fictitious; 
and, when such structural breaks were real, Mr. 
Darwin could account for them only by supposing 
tliat the intermediate forms which once existed 
had become extinct. In a remarkable passage ho 
says— 

“ Wo may thus account even for the distinctness 
of whole classes from each other—for instance, of 
birds from all othtir veriebrate animals—by the 
b(di<‘f ihat nuuiy animal forms of lihs have hecn 
utterly lost, through •which the early [progenitors 
of binls W(‘ro formerly <j<»nuocted with the early 
progimitors (pf ih(‘. other vertfpbratc classes.” ^ 

Adv(5rs(jcriti(fism made merry over sucli sugges¬ 
tions a,s thes(^ Of (upurse it was easy to got out of 
ih(Mlifiiculty by stipposing extiniel/KPU; but whore 
w«'is th(j slighi<^st e.videna^ that such intermediate 
ft>rnm betwecin lairds and rti[>til(‘S as the hypothesis 
re(|uircil ov<t exist<ul ? And tlnai jpnphably foll(PW(‘d 
a tira<](! upon this birrilplu forsaking <pf the paths 
ofBaconian indiudion.” 

But the prognws <pf knowledge has justified Mr. 
Darwin to an exi(mt which could liardly have 
IxHui antifujpaied. in 18(>::i, th<p speuumen of 
AnJiiw^>kryXf which, until UnOast tw<p <pr three 
^ ih'ujbh of AV;w(p/c.*fj 4.‘H. 
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years, lias reiiiaiiicd unique^ was discovered; an<l 
it is an animal wliicli, in its featliers an<l the 
greater part of its organisation, is a veritable 
bird, while, in other parts, it is as distinctly 
reptilian. 

In 1868,1 had the honour of bringing under 
your notice, in tliis tlicjatre, the results of investi¬ 
gations niade,np to that tiim^, into the anatomical 
characters of certain ancient r(q)tilcs, whi(ih 
showed the nature of the modifications in vij’tuc 
of which the typi^ of the* fiiuulrupedal repi.ile 
passed into that of a bipedal bird ; an<l alaindani 
confirmatory evidence of the jusii<‘e of ih(‘. con¬ 
clusions which J iluiu lai<l before you has sinct^ 
come to light. 

In 1875, the discovery of the tootlujd birds (^f 
the cretaceous formation in North Auiorica by 
Profi w>r Marsh completed tlui series of transi iional 
forms betwe<m birds a^nd rtiptilc^s, and remov(‘d 
Mr. Darwin's proposition that “many animal 
forms of life Jiave btsui utterly hist, through 
whicli the (ja.rly progenitors <»f birds wenj 
formerly eonm*(*d<^tl with the («irly progenitors of 
the other v(irt{ibratc classt*s,'' from the region 
of hypotlujsis to that of (hunoustrable fac-t. 

In 1859, tlK'H^ app(‘ar(ul to bti a very sharp 
and chsar hiatus betwe(Ui v<udobrated jiml invertc- 
brahul animals, not only in their siru<;tnro, bitt, 
what was more important, in th(‘ir (lev(dopment-. 

I do not think tliat we evmi y<^t know the precise 
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links of conuccUon between tlie two; but tlie 
investigations of Kowalowsky and others iq^on 
the development of and of the Tunicata 

prove, beyond a doubt, that the differences which 
wore supposed to constitute a barrier between 
the two ai'e non-existent. There is no longer any 
difficulty in understanding how the vertebrate 
typo may have arisen from the invertebrate, 
though the full proof of the manner in which 
the transition was actually eftlicted may still be 
lacking. 

Again, in 185ih there appeared to be a no less 
sharp separation bctwt‘.en tluj two great gi'oups of 
flowcu’ing and llowerless plants. It is only subsc- 
(jiKiiitly that the series of nnnarkable investiga¬ 
tions inauguraied by TTofimiister has brought to 
liglit the (extraordinary and a.Itog(jthcr unexpected 
xuodif!(%‘itions of the‘ njprodvKd'/ive. apparatus in the 
Lyt)<i^wdiacvw, ih<i Jthiz()CMrjpe,m, and the Gymno’^ 
Hpivnmmi by whieJi the ft^rns and tlui mossc^s are 
gnulually <‘.onnect(‘d with th(‘, ?hauerogami(? 
division of tlui vegetabhi world. 

So, again, it is <mly siucci 1859 that W(j have 
ac<pim‘d that Wi^alth of knowl(jdg(i of the lowest 
forms of lifii whi(jh dmuonstrab^s tli<i futility of 
any attciript to separate tlu^. lowc^st jdants from 
the lowc^st animals, and shows that tlui two king¬ 
doms of living natnrii have a common Ijordtjrlaud 
which belongs to both, or to mdther. 

Thus it will bci observed that the whole ten- 
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deucy of biological investigation, since 1850, bas 
been in ilic direction of removing tlie difficulties 
wliicli tlio apparent breaks in tlie series created 
at that time; and tlie recognition of gradation 
is the first step towards the accefitance of evolu¬ 
tion. 

As another great factor in bringing about the 
change of o])mion which has taken place among 
naturalists, I count the astonishing progress which 
lias been made in the study of embryology. 
Twenty years ago, not only were wc devoid of any 
accurate knowledge of the mode of development 
of many groups of animals and plants, but the 
methods of investigation wore rude and imperfect. 
At the present time,, there is no important group 
of organic lieings the development of which has 
not Ixieu carefully studit^l; and the modern 
metliods of hardening and section-making enable 
the (iinbryologist to dot(U‘ininc the nature of the 
process, in tuicli cast‘,, with a dtigree of minuteness 
and accuracy whi(;h is truly astonishing to those 
whosci m<imori<iS <;arry them hack to the 
btiginnhigs of modern histology. And tlie results 
of these ombryological investigations are in com¬ 
plete harmony with the re<iuiremonts of the 
doctrine of evolution. The first beginnings of all 
the higher forms of animal life arc similar, and 
however diverse their adult conditions, they start 
from a common foundation. Moreover, the pro¬ 
cess of dovi'lopment of the animal or the plant 
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from its i>rimary egg, or geim, is a true process of 
evolution—a progi*ess from almost formless to 
more or less higlily organised matter, in virtue of 
ilie properties inherent in that matter. 

To those who are familiar witli the process of 
(lovoloptneut, all ct jiriori objections to the doctrine 
of l)iological evolution appear childish. Any one 
wholifis watched ilic^ gradual formation of a com- 
plicated animal frtan tliu protoplasmic mass, which 
constitutes the essential element of a frog’s or a 
hen’s egg, has had under liis eyes sufficient 
evidence that a similar evolution of tlio whole 
animal world from the ]ik(j foundation is, at any 
rate,, possible. 

Y(‘t another ]>roduct of investigation has 
largely (jontributed to tlui nunoval of the objoc- 
iious t(* ih<} doctriiui of <iV<ilutiou current in 1859. 
It is the ])roof nfford(‘d by successive discoveries 
that Mr. Darwin di<l liot over-c^stimate tlie 
iinpiirfection of the geological rtictord. No more 
striking illustration of this is nee<l(‘d than a com¬ 
parison of our kuowhjtige of the mammalian fauna 
of the Tertiary <*poch in 1859 with its present 
condition. M. Oaudry’s researches on the fossils 
of Pikenni wcire publislusd in 1808, those of 
Messrs. Leidy, Marsh, and Cope, on the fossils of 
the WcisUirn Territories of America, liave appeared 
almost wholly since 1870, those of M. Filhol on 
ihti phosphorihis of Quercy in 1878. Tlie general 
effect of these inv<^stigationH has been to intro- 
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(luce to US a iimltitudo of extinct animals, the 
existence of which was previously hardly sus¬ 
pected; just as if zoologists wore to become 
acquaint'd with a country, luitherto unknown, as 
rich in novel forms of life as Brazil or South 
Africa onc(3 were to Europeans. Indeed, the fossil 
fauna of the Western Territories of America hid 
fair to exceed in interest and importance all other 
known Tertiary deposits put together; and yet, 
with the exception of the case of tlui American 
tertiaries, these investigations have extended over 
very limited areas; and, at Pikenni, were con¬ 
fined to an extremely small space. 

Such ajipear to me to he. the cliitif events in the 
history of the progress of knowledge <hiring the 
last twenty y<jars, which account for tint (ihanged 
feeling with whi(jh the doctrine of civolution is at 
present reganhid by those who have followed the 
advanct‘. of biological sciciKU), in rospexit of those 
]>roblems winch bc^ar indirectly ui>on that doc¬ 
trine. 

But all this nmiains nuu’o secondary evidence. 
It may remove dissimt, but it does not compel 
assent. Primary and direct evid(iTico in favour of 
evolution can be furnisluKl only by Yiahnontology. 
The geological record, so soon as it approaches 
completeness, must, when properly questioned, 
yi(d(l oitlu^r an aflirmativo or a negative answer: 
if evolution has taken place, there will its mark 
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bo left; if it lias not taken place, there will lie 
its refutation. 

What was the state of matters in 1859 ? Let 
us hear Mr. Darwin, who may be trusted always 
to state the case against himself as strongly as 
possible. 

On this doctrine of the extermination of an 
infinitude of connecting links between the living 
an<l extinct inhabitants of the world, and at each 
sucHuissive period between the extinct and still 
older species, why is not every geological forma¬ 
tion charged with such links? Why does not 
eviiry (collection of fossil remains afford plain 
evidonetc of tins gradation and mutation of the 
forms of life? We mcict witli no such evidence, 
and this is the most obvious and plausible of the 
many ol)jcciious whicli may he urged against my 
tlieory.’^*^ 

Nothing (could havt». bccen more useful to the 
opposition than this characticristioally candid 
avowal, twisttnl as it iinimcdiatcily was into an 
admission that ih<c writer’s vi(‘ws wore contra¬ 
dicted by the facts of paheontology. But, in fact, 
Mr. Darwin made no smsli admission. What he 
says in efloct is, not that paleontological evidence 
is against him, but that it is not distinctly in his 
favotir; and, without attempting to attenuate the 
fact, he a<Jc<>unts for it by the scantiness and the 
iuiperft‘(*tion of that cvhhmce, 

^ Oritjmvf (Mi. 1, p. 
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What is the state of the ease now, when, as we 
have seen, the amount of our knowledge respect¬ 
ing the mammalia of the Tertiary epoch is 
increased fifty-fold, and in some directions even 
approaches completeness ? 

Simply this, that, if the doctrine of evolution 
had not existed, palieontologists must have in¬ 
vented it, so irresistibly is it forced upon the 
mind by the study of the remains of the Tertiary 
mammalia which have been brought to light since 
1859. 

Among the fossils of Pikermi, Gandry found 
the successive stages by which the ancient civets 
passed into the more modern hyscinas; through 
the Tertiary deposits of Western America, Marsh 
tracked the successive forms 1>y which the ancient 
stock of i\u^ horsii has passed into its present 
form ; and inuumerahlo less complete indications of 
the mode of evolution of other groups of the 
higlu^r mjtmmalia have been obtained. In the 
rcinarkabh^ memoir on the phosphorites of 
Qu(ircy, to which I havci referred, M. Filhol de¬ 
scribes no fewer than siiventeou varieties of the 
genus Oyntnliclis, which fill up iill the interval 
between the viverine animals and the boar-like 
dog Amphicyon; nor do I know any solid ground 
of objection to tlio supposition that, in this 
Cyno(UctU“A'm>^>lMy()n grouj), we have the stock 
whence all tlie Viveridm, Felidae, Hyainida 0 , 
Cankki, and perhaps the Procyonidai and Ursidse, 

VOL. u K 
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of ilici present fauna have been evolved. On 
the contrary, is a great deal to be said in 

favour. 

In the course of summing up his results, M. 
Kilhol o])serves:— 

During the (‘])o(h of tlie })h<)S])liorites, great 
oh.'ingos took place in animal forms, a»ud almost 
the same tyjxss as those which now exist became 
defin(‘d fi*om one another. 

^‘Dndfrthe inilueucc of natural conditions of 
which W(t hiiv<} no exa<tt kn(>wl(‘dge, tliough traces 
of them are discov(U’a])le, spticies have been modi¬ 
fied in a thousand ways: races have arisen which, 
])e(;oming hav(‘ thus jn’oduced acorres[)on(ling 
nil mix !r of secondary speci(*H.’' 

Tn ISof), language of which this is an uuinten- 
tionnJ paraphrase, occurring in the ** Origin of 
Kpe<h*s” was scout(*d as wild spticulation; at pres¬ 
ent, it is a sober staUiment of the conclusions to 
whiih an acute and criti(‘ally-nuud<‘d investigator 
is led liy larger ami patient study of the facts of 
paheontoiogy. I vent.un^ to re.peat what I liavc 
said h(!for(‘, that so far as ttu? animal world is 
concerned, evolution is no long<‘r a spcTuilation, but 
a statement of historical fa<*.i. It takes its place 
atongsuhi of those accophsl tniths which must be 
reckomjd with l»y philosophers of all s<hools. 

1’lius whmi, <m thcj first <lay of October next, 
Origin of Sp<‘(ueH” comes of age, the pro¬ 
mise of its youth will be amply fulfilled ; and we 
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shall he prepared to congratulate the venerated 
author of the book, not only that the greatness of 
his achievement and its enduring influence upon 
the progress of knowledge have won him a place 
beside our Harvey; but, still more, that, like 
Harvey, he has lived long enough to outlast 
detraction and opposition, and to see the stone 
that the builders rejected become the head-stone 
of the corner. 
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CHARLKS DARWIN 

[AWm’, April 27tli, LStS2] 

VKUr fr\\% {^V(‘U (iniong thost‘, wlio iakcii the 
keuii(‘st irittuNssi. in the pn)<(resK of tlie revolution 
ill nalural knowle< 1 8(*-t afoot hy the publication 
of Th(^ < )rigin of Spe(a(‘s,” ami who have watched, 
not without astonishnuuit, the ra.pid and coinplotc 
change, which lias lieen <‘rfect(‘-(l both inside and 
outsi(li‘ the bouiKlarii'H of the scientiiic world in 
the. attitude of ni<‘n s minds towards the doctrines 
whhih are <txponn«]<Ml in that gn^at work, can liave 
been "jire,pared for tluM^xtraordinary manifestation 
of aifectiouate rcgcird for tlie man, and ofjirofouud 
reverence for the i)hiIosopher, wliich followed the 
jumouneement, on Thursday last, of the death of 
Mr. Darwin. 

Not only in th(‘se islands, where so many have 
felt ihi‘ fasifmation of pi^rsona,] contact with an 
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intellect which h<ad no superior, and with a charac¬ 
ter which was even nobler than the intellect; but, 
in all parts of the civilised world, it would seem 
that those whose business it is to feel the pulse of 
nations and to know what interests the masses of 
mankind, wore well aware that thousands of their 
readers would think the world the poorer for 
Darwin’s death, and would dwell with eager 
inten^st upon every incident of his history. In 
Franc(^ in Ch‘rmauy, in Austro-Hungary, in Italy, 
in the United States, writers of all shades of 
())>iniou, for once unanimous, have paid a willing 
tribute to the worth of our great countryman, 
ignorc‘<l in lifobytlui official reproscutatives of the 
kingdom, but laid in death among Ins peers in 
Westminster Ablxjy by the will of the intclligenco 
of the nation. 

It is md for us to alhnlo to the sacn^l sorrows 
of the benum’d liomo at Down ; l)ui it is no secret 
that, outsid({ that domestic group, there arc many 
to whom Mr. Darwin’s death is a wholly irreparable 
loss. And this not im^rely because of his wonder¬ 
fully g(‘.nial, simpler, and generous nature; his 
cliccrful and animated conveu’sation, and the in- 
finiti^ vari(‘t.y and accuracy of his information ; but 
because the more one knew of him, the more he 
seemed the in(u>rporat<‘d id(^al of a man of science. 
Acute as Win*(i his rtiasoiung powers, vast as was 
his kuowledg(^ marvcdlous as was his tenacious 
industry, under physical difUculiics which would 
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have coiivfU’tcd nine men out of ten into aimless 
invalids; it was not these (qualities, great as they 
weTc, whicli inipriissed those who wore admitted 
to his iutiniacy with iuvuliiutary veneration, but a 
certain intense and almost passionate honesty by 
whicli all his thoughts and actions were irradiated, 
as by a r*(‘ntral lire. 

Jt wa.s iiiis raresi, {ind greatoKSt of endowments 
whicih k(‘i)t his vivid imagination and great sjjecu- 
lative powers within du(‘ l)ounds ; wliich compelled 
liim to umhu'iake the prodigious labours of original 
invt^stigation ami of reading, upon wliich his 
published works art^ based; which made liim 
aca^pt (U*iti(dsnis and suggestions from anybody 
and ev(uybody, not <ndy without im])ationcc, but 
with tjxprossions of gratitmlc sometimes almost 
comi(Jally in (‘xcitss of their value; which led him 
to allow neither liimstilf nor others to be deceived 
by plirastss, and to sparii neitluu’ time nor pains 
in <a’<ler t.o obtain (dear and distinct ideas upon 
every topic with whicb he o(XiUj>ied himself 

One c<mld not (^onv(u\se with Darwin without 
being rmninde<l of Socrates. There wa.s the same 
desinj to lind sonui one wis(ir than himstdf; the 
same, beliid* in tlu^ sov(n‘eiguty of reason ; the same 
Hiady humour; tluj same sympathetic interest in 
all the, ways and works of num. Ihit instead of 
turning away from the j)rohI<‘.mH of Nature as 
hop<‘h‘Ssly insolulde, our modcini phiJoso])hcr 
devoted his whole life to attacking them in the 
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spirit of Hora(4itus and of Democritus, with results 
which arc the substance of which their specula¬ 
tions wore anticipatory shadows. 

The duo api)reciation, or oven enumeration, of 
these results is noiihfir practicable nor desirable at 
this moment. There is a time for all things—a 
time for glorying in our ovisr-extending conquests 
over the realm (d*Nature, and a time for mourning 
over the herot^s who hfivt'. led us to victory. 

None have fought Indbu*, and none have been 
more fortunate^ than (diaries Darwin. He found 
a great truth irodd(m underfoot, nwiled by bigots, 
and ri<li(‘.nled l>y all the world; lui live<l long 
enough to s(‘(‘ it, <'Jii<dly by his own efforts, 
irrcdragably <‘stal>1 isla*d in s(*ie‘uco, inseparaldy 
incorporated .with tint common tJioughts of nan, 
and only hat(‘d a.n<l fennel by thos(3 who would 
nivih‘, but (hire ta»t. What, shall a man desinj 
more iha,n this ? ()uc(^ m(»re tlui imagti of RocrabiS 

ris(\s unhiddtm, and tint noble pt^roraiion of the 
A]>ology rings in our ears as if it W(‘re Oharhts 
Darwin s far(‘W(dl :— 

Tii(^ hour of departun* has arrivtid, a,ud w<3 go 
our ways—-1 to du*- a.ial you to livir. Which istlui 
better, <}od only knows.^^ 
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THE DARWIN MEMORIAL 
[June Uth, 1<S85] 

Addfcf^^ hy thi' Pri'mhiil of ihn lloiyd Hociciy, in the 
name of tkeMenwrml GommiUve^ on handing over 
the, dahae rf Darwin to lidlJL the Prince of 
IValvH, an reprcHcntative of the Trustees of the 
Uritish Mnsevni. 

Yont RovAf; HnniKKSS,—H is now tlirec years 
tlu^ annouu(U‘Ui(‘,ni of the of our famous 
countrynia!!, (llinrh\s J)urwin, gave rise to a 
inanift^sUiion of pnl>li<^ f(M‘ling, not only in those 
roalins» hut throtighout tlui civilised world, which, 
if I misljiko not, is without precedent in the 
modf^si. nnnals of scitmtific hiogiaphy, 

Th(^ ca-iises of this deoj) and wide outburst of 
emotion are not far to S(S‘k, Wo had lost one of 
thijscs ran^ ministems and interprotors of Nature 
whos<i names mark epochs in the advance of 



IX 


THE BAUWIN MEMORIAL 


249 


natural knowledge. For, whatever be the ultimate 
verdict of posterity upon this or that opinion 
which Mr. Darwin has propounded; whatever 
adumbrations or anticipations of his doctrines may 
be found in the writings of his predecessors; the 
broad fact remains that, since the publication and 
by reason of the publication, of '*Thc Origin of 
Species” the fundamental conceptions and the 
aims of the students of living Nature have been 
completely changed. From tliat work has sprung 
a great renewal, a true instauratio magna ” of the 
zoological and botanical sciences. 

But the impulse thus given to scientific thought 
ra])idly spread beyond the ordinarily recognised 
limits of biology. Psychology, Ethics, Cosmology 
wore stiiT(!(l to their foundations, and the “ Origin 
of Species” proved iis(‘Jf to be th(3 fixed point 
whi(^li th(‘. gcmeral doctrine of evolution needed in 
order to move the world. Darwinism,” in one 
form or another, sometimes strangely distorted 
and inutilat<‘d, became an cworyday topic of meifs 
s])et‘(di, the o1)j(Ktt of an abundance botli of 
vitupcTation and of praises, mon^ oftem than of 
serious study. 

It is curious now i.o nunember how largely, at 
first, the objectors predominated ; but considering 
the usual fate of ik‘W views, it is still more 
curious to consider for Innv slu>rt a time the phase 
of vehement <»p])ositiou lasted. Before twenty 
years had passcid, not only had the importance of 
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Mr. Darwin's work bo(3ii fully recognised, but the 
world had discerned tlio simple, earnest, generous 
character of the man, that shone through every 
page of Ins writings. 

T imagine tlifit reileotions such as these swept 
through tluj minds alike of loving friends and of 
honourable antagoiiists when Mr. Darwin died; 
an<l ihat they WiU'e at, one in the desire to honour 
the menuu'y of the man who, witliout fear and 
•without r<‘pr(«icli, had successfully fought the 
lumhjst intellect,ual battle of those days. 

It was in sfitisfaction of these just and generous 
impulses that our gn*.at naturalist’s remains wore 
dftM)site<I in Westminster Abbey; and that, im- 
mediai<‘ly afhu’wards, a ]»ttl)li(‘, mooting, presided 
overby my Iament<‘d pre<lr'Cessor,Mr. S]>oUiswoode, 
was held iji th(‘ rooms of the Royal Society, 
for tln^ purpose^ of considering wha,t furtlujr st(*p 
shonhl ]>t^ taken towards the sa-nu^ end. 

It was n‘Solv(‘<l to invite suhscriptions, with the 
view <jf (‘r<‘<*ting a. statiui of Mr. Darwin in some 
suitablii locality; and to<l(wot(t any surplus to the 
advanctJiiK’ut of the biologi(;a! sciences. 

Contributions at ou<j(‘, ilowed in from Austria, 
Belgium, I irayJl, Dimmark, Fraiuto, Germany, 
H‘olIan<l, ItaJy, Norway, PortugaJ, Russia, Spain, 
Hwt‘<len, Switzerland, the IJniitid States, and the 
British Colotiies, no 1(‘HS than from «all parts of the 
thr<U‘. kingdoms; and tiny (^ame from all chtsscs of 
the commnniiy. To miintion one interesting case, 
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Sweden sent in 2200 subscriptions "'from all sorts 
of people/' as tlie distinguisited man of science 
who transmitted them wrote,"" from the bishop to 
the seamstress, and in sums from five pounds to 
two pence/' 

The Executive Oommittoc lias thus been enabled 
to carry out tlie objects proposed. A Darwin 
Fund" lias been created, which is to be held in 
trust by the Koyal Society, and is to bo employed 
in the promotion of biological research. 

The execution of the statue was entrusted to 
Mr. Boehm; and I think that those wlio had the 
good fortun(‘ to know Mr, Darwin ]>ersonally will 
admire the power of artistic divination which has 
enabled the sculiitor to place before us so very 
characteristic a likc^ucsss of one whom ho had not 
sijon. 

It appeared to tlui Committee that, whether they 
regarded Mr. Darwin's career or the requirements 
of a work of art, no sit(^ could bo so appropriate as 
this gi*eat luill, and th(‘y ajqditsd to the Trustees of 
the Ikitisli Museum tor permission to erect it in 
its present position. 

That permission was most cordially granted, and 
I am desired to tendcu* the best thanks of the 
Committee to th(^ Trustees for their willingness to 
accede to our wisluis. 

I also bog loaves to offer the expression of our 
gratitude t(^ your Royal Iliglmoss for kindly con* 
sen ting to repnismit the Trustees to-day. 
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It only rcniaiBS for mo, your Eoyal Highness, 
niy Lords and Oentlomen, Trustees of the British 
Museum, in the name of the Darwin Memorial 
Committee, to request you to accept this statue of 
Charles Darwin. 

We do not ina.ke this re([ucst for the mere sake 
of pcrpet.uating a memory ; for so long as men 
occupy tluunscilve.s with the pursuit of truth, the 
name of ])ar\vin runs no more risk of oblivion 
than does of CopcTiiicus, or that of Harvey. 

Nor, most assuredly, do we a.sk you to preserve 
the statue, in its cynosural jiositioii in this 
(‘ntrancc-hall of our National Musoum of Natural 
Hisinry as evidence that Mr. Darwin’s views have 
recidved your official sanction ; for science does not 
ixwgnisc such sa,notions, and commits suicide 
when it ad<q)ts a croc‘d. 

No; we h(‘g you to <jlu‘rish this Meunorial as a 
symbol hy which, a,s generation after gcmeratioii of 
studcaiis of Nature enter yonder door, they shall 
Ix^ nunindcxl of lln^ idea! according to which they 
must shapci thedr livcss, if thc^ would turn to the 
best a(‘.count Ihe opportuniti(*s olhrcd by the 
gntat institution under your cdiargo. • 
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OBITUARY 1 
[1888] 

Chakles Robeut Dauwin was the fifth child 
aiul second son of R(>l)c4*l Waring Darwin and 
Susannah Wedgwood, and was born on the 12th 
February, 1809, at Shrewsbury, whore his father 
was a idiysician in largo i>ractico. 

Mrs. Robert Darwin died when her son Charles 
was only eight years old, and ho hardly remom- 
Ix^nul her. A daughter of the famous Josiah 
Wedgwood, who created a new branclii of the 
])otter\s art, and (‘stablislied the great works of 
Ktruria, could liardly fail to transmit important 
mental and moral (pialititis to her children; and 
there is a solitary record of her direct influence 
in the story told by a schoolfellow, who remcinbors 
Charles Darwin bringing a flower to school, and 

^ Kroia Obittiary of tbo ProcmlifKjfi of the Jfioyal 

Hoektify n>l. 44. 
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saying- that his mother had taught him how, by 
looking at the inside of tlio Idossoiu, the name of 
the i>lant could bo discuveu'ed.’^ (L, p. 28d) 

The theory that men of genius derive their 
qualities from their mothers, however, can hardly 
d(‘rive su])port from Charles Darwin's case, in the 
fac(* ol‘ the patent influence of his paternal fore¬ 
fathers. Dr. Darwin, indeed, though a man of 
marktjd individuality of character, a quick and 
a(;uto ol)serviT, with much i>ractical sagacity, is 
said not io have had a scientific mind. Jhit when 
Ids son adds that liis father ‘‘ fu'med a theory for 
aJmost everything that <occurred " (L, p. 20), lie 
indi<%at(is a highly prohahle source for that iii- 
ahilily to refrain fi‘om forming an hy])othesis on 
evmy siihje(it which lie confess(‘H to he one of tlio 
leading (tlmraci(‘.risties of his own mind, some 
pagtts furihc‘r on (L, p. 108/ Dr. K. W. Darwin, 
again, wn.s the third son of Erasmus Darwin, also 
a physii'lau of gnsat r(‘pute, who shared the 
intiiiuwy of Wati» and Pri(‘stley, and was 
widely known as the author of “ Zooiiomia," and 
other voluminous poetical and prose works which 
had a great vogue in tlu^ latter half of the 
<jightemith cmitury. The celebrity which they 
tmjoyeil was in part dim to the attractive stylo (at 
least aceoK'ding to thi^ taste of that <!ay) in which 
the authors exiionsivts though not V(*ry profound, 

* Th<* tlinni/dHuit lliiw iioti<*o aro to tlio Life and 

LHkrSj unt'fiH Uia .sUiO'tl. 
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acquaintance with natural pheiioineiia was set 
forth; hut in a still greater <legre(^, jn-ohahly, to 
the boldness of tlie speculative views, always 
ingeiii-ous and sometimes fantastic, in wliich lie 
indulged. The conception of evolution set afoot 
by De Maillot and others, in the early part of the 
century, not only found a vigorous cliainpiou in 
Erasmus Darwin, but he propounded an hypo¬ 
thesis as to tlio manner in which the species of 
animals and plants have ac<|uired their characters, 
which is identical in principle with that subse- 
({ucntly rendered famous by Lamarck. 

Idiat Charles Darwin’s chief Intell(‘ctnal in¬ 
heritance came to him from tlio paternal sidtt, 
tlien, is hardly doubtful. But there is nothing to 
sliow tliat he was, to any sensible oxtcuit, directly 
inlluenced by bis grfuidfatbei*’s biological work. 
Ibi t(‘lls us that a perusal of the **Zoonomia'^ in 
early life proilueed no eflcct upon him, altliough 
be gniatly admired it; an<l that, on reailing it again, 
ten or iifttuui years albirwards, h(‘ wfis much disa])- 
pointed, '‘the jiroporiion of sp(‘.culation being so 
large to tin*, facts given ” Jbit with bis usual 
anxious candour be a<hls, Neverthelt^ss, it is proba¬ 
ble that the hearing, rather early in life, such views 
maintained and praised, nuiy have favoured my 
uplioldingthem, in a different form, in tny ' Origin 
of Sj)(ici(‘s.' (I., p. 38.) Erasmus Darwin was in 
fa.ci» ?ui anticipator of Lamar<ik, and not of Charles 
Darwin; there is no trace in his works of tlie 
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conceptions by the addition of wliicb liis grandson 
iiiotamor[)li<)sed tlic tlieory of evolxitioii as applied 
to living tilings and gave it a new foundation. 

Oharles ])arwirfs childhood and youth afforded 
no intimation that he would be, or do, anything 
out of the coimuou run. In fact, the prognosti¬ 
cations of the etlucational authorities into whoso 
hands he hrst fell were most distinctly unfavour¬ 
able ; and tlu'y counted the only boy of original 
g(mius who ns known to liavi^ come under their 
liands as no hotter than a dunce. The history of 
th(i educational experiments to which Darwin was 
subjected is curious, and not without a moral for 
the prcisent generation. There were four of them, 
and thni(‘, W(;re failures. Yet it cannot bo said 
that ih(‘ mat(‘rials on which the pishigogic powers 
opera.t(‘d w<*n^ other than good. In his boyhood 
Darwin was slrong, well-grown, and active, taking 
the k(‘en d(‘ligbt in ht‘ld sports and in every 
<les(Tipti<»u of hard physi<‘al exiu'cnse which is 
natural <,o an Mnglisli (touutry-lirtid lad; and, in 
n‘spe(^t of things of tht) mind, lut was neither 
apathetict, nor idle, nor one-sided. Tlui Auto¬ 
biography'’ tells us tluit he *Miad much 
y/tal for wliat(ivi‘r interested’’ him, and lie was 
intitrested in many and very diverse topics. 
He could work hard, and Jik<sl a complex 
suhj(u;t b«‘tt(U’ than an (‘asy one. The “clear 
ge<muitruial proofs’’ of Kuclid (hdiglifced liim, 
Dis interest in prardh'al (dicnuistry, carried out in 
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an extemporised laboratory, in which he was per¬ 
mitted to assist by his elder brother, kept him 
late at work, and earned him the nickname of 
“ gas ” among his schoolfellows. And there could 
have been no insensibility to literature in one 
who, as a boy, could sit for hours I'eading Shake¬ 
speare, Milton, Scott, and Byron; who greatly 
admired some of the Odes of Horace; and who, 
in later years, on board the ** Beagle,'' when only 
one book could bo carried on an expedition, 
chose a volume of Milton for his coin])anion. 

Industry, intellectual interests, the ca.pn.city for 
taking pleasure in deductive reasoning, in obser¬ 
vation, in experiment, no less tlian in the highest 
works of imagination: where these (pialities are 
present any rational system of education should 
surely be able to make something of tliein. Un¬ 
fortunately for Darwin, the Slirewsbury Grammar 
School, though good of its kind, was an institution 
of a typo universally prevalent in this country half 
a century ago, a,nd by no moans extinct at the 
present day. The education given was strictly 
classical,” ‘'especial attention” being "paid to 
verse-making,” while all other subjects, except a 
little ancient geography and history, were ignored. 
Whether, as in some famous English schools at that 
date and much later, elementary arithmetic was 
also loft out of sight does not ai)poar; but the 
instruction in Euclid which gave (Jharles Darwin 
so much satisfaction was certainly supp]ie<l by a 
vou IT s 



268 


OBITUAEY 


X 


pi'ivate tutor. That a boy, even in his leisure 
liours, should permit himself to be interested in 
auy but boolcdearning seems to have been regarded 
as little better than an outrage by the head master, 
wiio thought it his duty to administer a public 
rebuke to young Darwin for wasting his time 
on such a contemptible subject as chemistry, 
English composition and literature, modern lan¬ 
guages, modern history, modern geography, appear 
to have been considered to be as despicable as 
clnnnistry. 

For siiveiii long years Darwin got through his 
appointed tasks; construed without cribs, learned 
l>y roio. whatever was demanded, ami concocted 
his verses in approved schoolboy fashion. And 
thc^ r<^sult, as ii. apptiarcul to his mature judgment, 
was simply negfitivo. ** TIh) scihool as a moans of 
education i(» ni(‘ was simply a blank.'* (1. p. 32,) 
On the. other hand, thci (‘xtramtous chemical 
eKtn’(ds<‘S, which th(^ head master treated so 
(umtuimdiously, m\ grattd'ully spobm of as the 
“bi‘St part’' of ins echuiatiou while at school 
Huch is Uie judgment of the scholar on the school; 
as laighi bci i‘Xpi!cte<l, it Iras its connterpart in the 
judgment of tlici school on tlu) scholar. The 
collictive iutcilligencje of thes staff of Shrewsbury 
School could find nothing Imt dull mediocrity in 
Oharles Darwin. The mind that found satisfac¬ 
tion in knowIt^dg(^but ynvy little in nu^relearning; 
that could appreciate liUnntun}, hut had no par- 
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ticular aptitude for grammatical exercises; appeared 
to the strictly classical” pedagogue to be no mind 
at all. As a matter of fact^ Darwin's school 
education left him ignorant of almost all the 
things which it would have been well for him to 
know, and untrained in all the things it would 
have been useful for him to be able to do, in 
after life. Drawing, practice in English compo¬ 
sition, and instruction in the elements of the 
physical sciences, would not only have been infi¬ 
nitely valuable to him in reference to his future 
career, but would have furnished the discipline 
suited to his faculties, whatever that career might 
be. And a knowledge of French and German, 
especially the latter, would have removed from his 
path obstacles which he never fully overcame. 

Thus, starved and stunted on the intellectual 
side, it is not surprising that Charles Darwin's 
energies wero directed towards athletic amuse¬ 
ments and sport, to such an extent, that even his 
kind and sagacious father could bo exasperated 
into tolling him that "ho cared for nothing but 
shooting, dogs, and rat-catching.” (I. p. 32.) It 
would be unfair to oxpe(5t oven tho wisest of fathers 
to have forosoon that tho shooting and the rat- 
catching, as training in the ways of quick observa¬ 
tion and in physical endurance, would prove more 
valuable than the construing and verse-making to 
his son, whoso attempt, at a later period of his life, 
to persuade himself that shooting was almost an 

s 2 
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intellectual employment: it required so much skill 
to judge where to find most game, and to hunt the 
dogs well ” (I. p. 43), was by no means so sophis¬ 
tical as he seems to have been ready to admit. 

In 182'), Dr. Darwin came to the very just con¬ 
clusion that his sou Charles would do no good by 
remaining at Bhrowsbury School, and sent him to 
join his elder brother Erasmus, who was studying 
medicine at Ediuhiirgh, with the intention that 
the, younger sou should also become a medical 
pniotitiomsr. Both sons, Imwovor, were well aware 
that their inheritance woidd relieve them from the 
urgency of the struggle for existence which most 
profisssional mcm have to face; and they seemed to 
liave allowed their tastes, rather than the medical 
(•urricnhuii, to havt;guided their studies. Erasmus 
Darwin was debarred by (sonstant ill-health from 
seeking the public! distinction which his high in- 
telligciiiee !ind extensive knowledge would, under 
ordinary eircumstancc’S, have insured. Ho took 
no great int(;re.sb in biological sidcjiscts, but his 
(iompaniouship must have! luwl its influence on 
bis brothcir. Still more was exerted by firiends 
Itkci (Joldstrciam and Grant, both subsequently 
well-known zoologists (and the latter an enthu- 
sumtic Lamarckian), by whom Darwin was induced 
to interest himsfdf in marine zoology. A notice 
of tht! ciliated germs of Miislni, communicated to 
the Plinian Socic'ty in 1826, was tlu! first fruits of 
Darwin’s half century of scientific work. Occa- 
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sional attendance at tlie Wernerian Society brought 
him into relation with that excellent ornithologist 
the elder Macgillivray, and enabled him to see and 
hear Audubon. Moreover, he got lessons in bird- 
stuflEng from a negro, who had accompanied the 
eccentric traveller Waterton in his wanderings, 
before settling in Edinburgh. 

No doubt Darwin picked up a great deal of 
valuable knowledge during his two years’ residence 
in Scotland; but it is equally clear that next to 
none of it came through the regular channels of 
academic education. Indeed, the influence of the 
Edinburgh professoriate appears to have been 
mainly negative, and in some cases deten’ent; 
creating in his mind, not only a very low estimate 
of the value of lectures, but an antipathy to the 
subjects which had been the occasion of the 
boredom inflicted upon him by their instrument¬ 
ality. With the exception of Hope, the Professor 
of Chemistry, Darwin found them all intolerably 
dull.” Forty years afterwards he writes of the 
lectures of the Professor of Materia Medica that 
they were fearful to remember.” The Professor 
of Anatomy made his lectures as dull as he was 
himself,” and ho must have been very dull to have 
wrung from his victim the sharpest personal remark 
recorded as his. But the climax seems to have 
been attained by the Professor of Geology and 
Zoology, whose prelections were so ‘'incredibly 
dull ” that they produced in their hearer the some- 
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\vliat rash dcstermination never to read a book on 
gool<\i ^7 or ill any way to study the science'* so 
long as lie lived, (I, p. 41.) 

Tliero is much reason to believe that the 
lectures in question were eminently qualified to 
produce the inqiressiou which they made; and 
there can he little doubt, that Darwin's conclusion 
that his time was better employed in reading 
than in listening to such lectures was a sound 
one. But it was particularly unfortunate that 
tlu^ ])ersoual and i>rofess()rial duluess of the 
l/rofessor of Anatomy, combined with Darwin's 
sensitiv<mess to the disagreeable concomitants of 
anahsnical work, drove him away from the 
dissi^cting a’oom. In after life, he justly recognised 
that this was an “ irreme<liablc evil" in reference 
to the pursuits he eventually adopted ; indeed, it 
is marvt^llouH that he suc<;c^eded in making up for 
ids lack of anatomical discipline, so far as his 
work on the OirrijM^des shows he did. And the 
neghutt of anatomy had the further unfortunate 
rc‘sult that it ^‘xcluded him from the best 
opportunity of bringing himstdf into direct contact 
with iliti fiwits of nature which the University had 
to oiler. In those tlays, almost the only practical 
sinimtiiic work accessible to studmits was anatomi¬ 
cal, and the only laboratory at their disposal the 
diBS(.‘ctiug room. 

We may now console ourselves with the 
rellection that Lluj partial evil was the general 
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good. Darwin had already shown an aptitude for 
practical medicine (I. p. 37); and his subsequent 
career proved that he had the making of an 
excellent anatomist. Thus, though his horror of 
operations would probably have shut him off from 
surgery, thei’e was nothing to prevent him (any 
more than the same peculiarity prevented his 
father) from passing successfully through the 
medical curriculum and becoming, like his father 
and grandfather, a successful physician, in which 
caseThe Origin of Species ” would not have been 
written. Darwin has jestingly alluded to the 
fact that the shape of his nose (to which Captain 
Fitzroy objected), nearly prevented his embarka¬ 
tion in the Beagle”; it may be that the 
sensitiveness of that organ secured him for 
science. 

At the end of two years* residence in Edin¬ 
burgh it hardly needed Dr. Darwiffs sagacity to 
conclude that a young man, who found nothing 
but dulness in professorial lucubrations, could not 
bring himself to endure a dissecting room, fled 
from operations, and did not need a profession as 
a means of livelihood, was hardly likely to 
distinguish himself as a student of medicine. He 
therefore made a new suggestion, proposing that 
his son should enter an English University and 
qualify for the ministry of the Church. Charles 
Darwin found the proposal agreeable, none the 
less, probably, that a good deal of natural history 
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and a little Khooting were by no means held, 
at that time, to be incompatible with the 
conscientious performance of the duties of a 
country clergyman. But it is characteristic of the 
man, that he asked time for consideration, in 
imliix that ho might satisfy himself that he could 
sign the 'niirty-ninc Articles with a clear con- 
scioTico. However, the study of '‘Pearson on the 
(Jr<j(Mls and a few other books of divinity soon 
aHHurc‘d liim that his religious opinions left 
nothing to bi^ desired on the score of orthodoxy, 
and he accedi*d to his father’s proposition, 

‘'Phe KnglishlJniv(‘rsity selected was Cambridge; 
but au tuiexiHictod obstacle arose from the fact 
that, within tlu^ two years which had elapsed, 
tlie young man who had enjoyed seven 
yttai’s of th(‘ bmiefit of a strictly classical education 
had left scliool, he had ha-gotten almost every¬ 
thing he, had h*arned th(‘r<i, “ mtn to some few of 
tli<i (Jnu^k Ititters.” (1. j). 40.) Three months 
with a tutor, ho\v(we‘r, brouglit him back to the 
p(»int of translating HonKU* and the Creek Testa¬ 
ment “with modcraUi facility,” and Oliarlcs 
Darwin (N)mnn‘n<u‘d the third (iducational experi¬ 
ment of whi(;h hti wa.s th(» subject, and was en¬ 
tered on tla^ hooks of Christ’s Collegtjiu October 
1827. Ko far fus tin? direct results of the academic 
training thus rccHUVed are comuirned, the English 
University was not more successful than the 
Bcottisln “During tln^ thr(M‘ yews whicli T spent 
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at Cambridge my time was wasted, as far as the 
academical studies wore concerned, as completely 
as at Edinburgh and as at school ” (I. p. 46.) 

And yet, as before, there is ample evidence that 
this negative result cannot be put down to any 
native defect on the part of the scholar. Idle and 
dull young men, or even young men who being 
neither idle nor dull, are incapable of caring for 
anything but some hobby, do not devote them¬ 
selves to the thorough study of Paley's Moral 
Philosophy,’' and Evidences of Christianity ; 
nor are their reminiscences of this particular 
portion of their studies expressed in terms such 
as the following: “ The logic of this book [the 
‘ Evidences and, as I may add, of his ‘ Natural 
Theology’ gave me as rnticli delight as did 
Euclid." (Lp.47.) 

The collector s instinct, strong in Darwin from 
Ills childhood, as is usually the case in great 
naturalists, ttinicd itself in the direction of Insects 
during his resldtiiico at Cambridge. In childhood 
it had bcjcu damped by the moral scrujdes of a 
sister, as to the propriety of catching and killing 
insects for the nujre sake of possessing them, but 
now it broke out afresh, an<l Darwin became an 
enthusiastic beetle collector. Oddly enough he 
took no scientific interest in beetles, not even 
troubling himself to make out their names; his 
delight lay in the capture of a species which 
turned out to be rare or new, and still more in 
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liiB luaiio, as captor, recorded in print. 
Kvidi‘iiily, tliis boetlo-liunting Lobby had little to 
do A\iih sciouct*, blit was mainly a new phase of 
the old and undiiuiuishod love of sport. In the 
intervals of beetle-catching, when shooting and 
Imutiug were not to be had, ri<ling across country 
answered tlie purpose. These tastes naturally 
threw the young undergraduate among a set of 
men who preierre<l hard riding^ to hard reading, 
and wasted the midnight oil upon other pursuits 
than that of academic distinction, A superficial 
oliserver might have had some grounds to fear 
that Dr, Darwin's wrathful prognosis might yet be 
verified, lint if tlu^ eminently social tendencies 
of a vigi»rouB and genial naturi* sought an outlet 
among a set of jovial sporting friends, there were 
other and no hiss strong proclivities which 
brought him into relation with associates of a very 
different stanqn 

Though almost without ear and with a very 
dcfeclivi^, nnuuory for music, Darwin was so 
strongly and phjasnraldy afiect(‘d hy it that he 
becanu* a member <»f a musical sociedy; and an 
e<iual lack of natural c^sqiacity for drawing did not 
prevent him from stmlyiug good works of art with 
much <iare. 

An ac(iuaintancci with evtm Urn rudiments of 
physical Htdcacc was no part of tluj reiiuirements 
lor ilie ordinary (lambridg(^ degnsj. But there 
were (irofessors both of Oetdogy and of Botany 
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whose lectures were accessible to those who chose 
to attend them. The occupants of these chairs, in 
Darwin’s time, were eminent men and also admir¬ 
able lecturers in their widely different styles. The 
horror of geological lectures which Darwin had 
acquired at Edinburgh, unfortunately prevented 
him from going within reach of the fervid elo¬ 
quence of Sedgwick; but he attended the botanical 
course, and though he paid no serious attention to 
the subject, he took great delight in the country 
excursions, which Henslow so well knew how to 
make both pleasant and instructive. The 
Botanical Professor was, in fact, a man of rare 
character and singularly extensive acquirements 
in all branches of natural history. It was his 
greatest pleasure to place his stores of knowledge 
at the disposal of the young men who gathered 
about him, and who found in him, not merely an 
encyclopedic teacher but a wise counsellor, and, 
in case of worthiness, a warm friend. Darwin’s 
acquaintance with him soon ripened into a friend¬ 
ship which was terminated only by Henslow’s 
death in 1861, when his quondam pupil gave 
touching expression to his sense of what he owed 
to one whom he calls (in one of his letters) his 
clear old master in Natural History.” (II. p. 217.) 
It was by Henslow’s advice that Darwin was led 
to break the vow he had registered against making 
an acipiaintance with geology; and it was through 
Henslow’s good offices with Sedgwick that he 
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obtained ib<i opportunity of accompanying the 
Cicolijgical Professor on one of his excursions in 
Wales. He then received a certain amount of 
practical instruction in Geology, the value of which 
he subsc([uontly warmly acknowledged. (L p, 
237.) Tn another direction, Plenslow did him an 
imniense, though not altogether intentional 
service, ]>y recommending him to buy and study 
the r(iceutly published first volume of Lyelfs 
** Principles.” As an orthodox geologist of the 
then (loniinant catastropliii; school, Henslow 
acooinpanici<l his recommendation with the 
luhnonition on no account to adopt Lyeirs 
g(‘nenil vi(‘WH. But the warning fell on deaf 
ojirs, and it is hardly too much to say that 
Darwin’s gnlatest work is th(3 outcome of the 
tmfiinching ap})lication to Biology of the leading 
idea ami the imdhod applhsi in the Principles’' 
to g(*ologyd Finally, it was tlirough Henslow, 
and at Itis suggestion, that Darwin was offered the 
ap))ointiu(*nt b> tin*. Ihjagle” as naturalist. 

During iln^ laiU‘r i)art of Darwin’s residence at 
()ambri<lg(‘ tin*, prospect of enhsring the Church, 
though ilui plan was luwer formally nuiouricinl, 

^ ** AfU'r lay rciiira to HaKlJual it ai»r<‘aml to mo that by 
fgllowii^; llio 03fainpl*M»r LyolHu (ioology, and by colh^ctingall 
fmdH whirh boro Itx any way on th <5 variation of animals and 
ulantH audor (iomostioation and nataro, somo li|<ht might per¬ 
haps bo thrown <m tho wholo Hubjoct [of the origin of spodes}.” 
(I, p, HC.) S<s‘ also tlui <l(Hli<‘ati(>n of tho second edition of tho 
Jmmal 0/ a Maturaliat, 
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seems to have grown very shadowy. Humboldt's 
Personal Narrative,” and Herschel's "" Introduc¬ 
tion to the Study of Natural Philosophy,” fell in 
his way and revealed to him his real vocation. 
The impression made by the former work was 
very strong. *'My whole course of life,” says 
Darwin in sending a message to Humboldt,'' is 
due to having read and re-read, as a youth, his 
personal narrative.” (I. p. 336.) The description 
of Teneriffe inspired Darwin with such a strong 
desire to visit the island, that he took some steps 
towards going there—inquiring about ships, and 
so on. 

But, while this project was fermenting, Henslow, 
who had been asked to recommend a naturalist for 
Captain Fitzroy’s projected expedition, at once 
thought of his pupil. In his letter of the 24fth 
August, 1831, he says: “ I have stated that I 
consider you to be the best qualified person I know 
of who is likely to undertake such a situation. I 
state this—not on the supposition of your being a 
Jimshed naturalist, but as amply qualified for 
collecting, observing, and noting anything worthy 
to be noted in Natural History .... The voyage 
is to last two years, and if you take plenty of 
books with you, anything you please may be done.” 
(I. p. 193.) The state of the case could not have 
been better put. Assuredly the young naturalist's 
theoretical and practical scientific training had 
gone no further than might suffice for the outfit 
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of an int<‘,lligont collector and note-taker. He was 
fully conscious of tlio fact, and his ambition hardly 
rose above the hope that ho should bring back 
materials for the scientific lions ” at home of 
sufficient excellence to prevent them from turning 
aTid rending him. (L p. 248.) 

But a fourth educational experiment was to be 
tried. This time Nature took him in hand herself 
and showticl him the way by which, to borrow 
Ilenslow*s prophetic phrase, “anything he pleased 
might hn done.*' 

Tint conditions of lifi^, presented hy aship-of-war 
of oTily 242 tons burthen, would not, primd facie, 
appear to be. s<‘) favottrable to intellectual develop¬ 
ment as those? rdfnred by tlie cloistered retirement 
ol‘ Clhrist’s (Jol l(!go. 1 )arwin had not even a cabin 
to himself; while., in addition to the hindrances 
and iut(irruptions incidental to soa-life, which can 
bt*. ap]?r(iriia.tc‘d (Uily by those who have bad 
expcrieuci* of th<?ru, stta-sickiujss came on whenever 
thti little ship was “ lively*’; and, considering the 
circunmtanc<*s of tin? crtiis(i, that must have been 
he.r normal staU*. Ne.ve.rilujless, Darwin found on 
board Um? “Bi‘agle’* that which neither the 
pedagogm^H r>f Hhre.wsbury, nor the professoriate 
of Kdinburgh, nnr th(? tutors of (Jambridge had 
manag<‘d tn giv<i him. “ I have always felt that I 
ow<? to the voyag<^. tin? first real training or 
e>ducation of my iniml (1. p. fil); and in a letter 
writt<in as h<? was leaving Knglaml, he calls the 
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voyage on which ho was starting, with just insight, 
his “second life/' (I. p. 214.) Happily for Darwin's 
education, the school time of the Beagle " lasted 
five years instead of two; and the countries 
which the ship visited were singularly well fitted 
to provide him with object-lessons, on the nature 
of things, of the greatest value. 

While at sea, he diligently collected, studied, 
and made copious notes upon the surface Fauna. 
But with no previous training in dissection, hardly 
any power of drawing, and next to no knowledge 
of comparative anatomy, his occupation with work 
of this kind—notwithstanding all his zeal and 
industry—resulted, for the most part, in a 
vast accumulation of useless manuscript. Some 
acquaintance with the marine Crustacea^ observa¬ 
tions on Planarim and on the ubiquitous Sagitta^ 
seem to have been the chief results of a great 
amount of labour in this direction. 

It was otherwise with the terrestrial phenomena 
which came under the voyager's notice: and 
Geology very soon took her revenge for the scorn 
which the much-bored Edinburgh student had 
poured upon her. Three weeks after leaving 
England the ship touclicd land for the first time 
«at St. Jago, in the Cape de Vord Islands, and 
Darwin found his attention vividly engaged by the 
volcanic phenomena and the signs of upheaval 
which the island ptusentod. His geological 
studies had already indicated the direction in 
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ing ; and it was while sitting beneath a low lava 
clifif on the shore of this island, that a sense of his 
real capability first dawned upon Darwin, and 
prompted the ambition to write a book on the 
geology of i.lui various countries visited. (I. p. 66.) 
Ev(ni ai this oriiiy <lai(^, Darwin must have thought 
much on g(?o!ogi(%‘il i<>pi(^s, ft)r ho was already 
convinced of tluj superiority of Lyc^Fs views to 
those <tni4‘rtained by the caiastrophists ^; and his 
suhse<picnt stiuly of Um^ tertiary deposits and of the 
terraiunl graved Ix/ds of Biudh America was 
cunincntly Hthsl to strc'.ngtluui that conviction. 
Tht^ hdtc.rs from South America contain little 
reference to any scl(*niii!(! topic (‘xcept geology; 
and even the. Llujory of th(^ formation of coral 
rjcfs was promphxl hy th(‘. (wicheute of oxtonsivo 
and gradua.1 changes of level alhmhid hy the 
gi‘ology of South Ameri(;a; **No other work of 
min(‘/’ hi> says, was b<‘gnn in so dednetivoa spirit 
as this; for the whole theory w«‘is thotight out on 
the West (loa.si of South America, bt‘.fore I liad 
S(^f?n a< true choral nsd*. I had, th(a*<^foro, only to 
verify and tjxlcaid my vh.^ws by a t‘.arefnl exam- 

^ I hiul Bronglitwitli n»^ firHt volina« of LyoU’s Principles 
of Omhff'i/, whifii J sttatictl attentively; and tn(^ book was of 
the hhdu’Ht «crvi«‘H to me in many ways. Tho very first place 
wliieh 1 (‘jfaminfd, iiuinely, Ht. Jaj'o, in tho do Verd 
iHlamls, showod me eleady the wonderfnl Hinjoriority of Lyoll's 
manner of treaiinj^ tleoloj.'y, eomnarisi with that of any other 
author whose works 1 had witli me or over afterwards 
road 'Mh P* 
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inatioR of living reefs/ (I. p. 70.) In 1835, when 
starting from Lima for the Galapagos, he recom¬ 
mends his friend, W. D. Fox, to take np geology: 
—“ There is so much larger a field for thought 
than in the other branches of Natural History. 
I am become a zealous disciple of Mr. Lyell's views, 
as made known in his admirable book. Geologising 
in South America, I am tempted to carry parts to 
a greater extent even than he does. Geology is a 
capital science to begin with, as it requires nothing 
but a little reading, thinking, and hammering.” 
(I. p. 263.) The truth of the last statement, when 
it was written, is a curious mark of the subsequent 
progress of geology. Even so late as 1836, Darwin 
speaks of being “ much more inclined for geology 
than the other branches of Natural History.” 
(I. p. 276.) 

At the end of tlie letter to Mr. Fox, however, a 
little doubt is expressed whether zoological studies 
might not, after all, have been more profitable; 
and an interesting passage in the Autobiography ” 
enables us to understand the origin of this 
hesitation. 

During the voyage of the ^ Beagle' I had been 
deeply impressed by disccjvering in the Pampean 
formation great fossil animals covered with armour 
like that on the existing armadillos; secondly, by 
the manner in which closely-allied animals replace 
one another in proceeding southwards over the 
continent; and, thirdly, by the South American 

YOU IX T 
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difiractur ot* most of the productions of the 
Galapagos Archi})o]a-go, and, more especially, by 
th(^ luaniKir in which they differ slightly on each 
island of tlio group; some of the islands apj)earing 
to ho very ancient in a geological sense. 

“ It was t‘vi<lent that such facts as these, as well 
as many others, could only be explained on the 
supposition that specuos gradually become modi- 
and tlu* subj<‘ct haunted me. But it was 
iM|ual!y cjviiieut that neither the action of the 
surrounding conditions, nor the will of the organ¬ 
isms (<}HjK‘(nally in the case of plants) could account 
fortius innumerable cases in which organisms of 
every kind an? beautifully adaptt*d to their habits 
of lilt*; for instanc.ft, a woodpecker or a tree-frogto 
climb tri‘<ss, ora set;d for dispcn'sal by hooks or 
plumtis. 1 lia<l always b(^en tnuch struck by such 
ada-ptations, and until th<,‘se cotikl 1 k‘ <‘,xplainod it 
se<‘medio me almost usdess to (uahjavour topiwe 
by in<Iire<‘.t (‘viihanui that spcch^s have been modi¬ 
fied." (Lp. SI) 

Th(‘ (ac't.s to which nleren<‘e is lam*, made were, 
without tloubt, eminently fitted to attract the at¬ 
tention of a phihisophiiNd thinkm*; but, until the 
relations iifihtKJxisting with thee.xtinct sp<H;icsand 
<if th(^ specitsH of the dinbnmt. ge<graphical areas 
with one another, wen* determiui‘d with some 
<*xactm‘ss, they affonhHl bnt a,u unsate foundation 
for spe<Milation, It was not possibhf that this 
(hitermiuation should have been effechul before 
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the return of the Beagle ” to England ; and thus 
the date which Darwin (writing in 1837) assigns to 
the dawn of the new light which was rising in his 
mind becomes intelligible.^ 

In July opened first note-book on Transmuta¬ 
tion of Species. Had been greatly struck from 
about the month of previous March on character 
of South American fossils and species on Gala¬ 
pagos Archipelago. These facts (especially latter) 
origin of all my views.” (L p. 276.) 

From March, 1837, then, Darwin, not without 
many misgivings and fluctuations of opinion, 
inclined towards transmutation as a provisional 
hypothesis. Three months afterwards he is hard 
at work collecting facts for the purpose of test¬ 
ing the hypothesis; and an almost apologetic 
passage in a letter to Lyell shows that, already, 
the attractions of biology are beginning to pre¬ 
dominate over those of geology, 

“ I have lately been sadly tempted to be idlo^— 


1 I am iiidebtocl to Mr. F. Darwin for tlie knowledge of a 
letter addressed by his father to Dr. Otto Zacharias in 1877 
which contains the following i)aragraph, confirniatory of the 
view exi>rossed above : ‘‘When I w^as on board the beagUf 1 
believed in the permanence of species, but, as far as I can 
remember, vague doubts occasionally flitted^ across my mind. 
On my return home in the autumn of 1836,1 immediately began 
to prepare my jounial for laiblication, and then saw how many 
facts indicated the common descent of s]>ocies, so that in Jnly, 
1837, I oi)ciied a note-book to record any facts which might bear 
on the (pu^stion. Bxit I did not become convinced that species 
were mutahlo until, I think, two or three years had elapsed.*^ 

® Darwin generally uses the word “idle ” in a peculiar sense. 
Ho means by it working hard at something he likes when ho 
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that is, as far as pure Geology is concerned—by 
the delightful number of new views which have 
been coming in thickly and steadily—on the 
classification and affinities and instincts of animals 
—^l>eari ng on the question of species. Note-book 
after note-book has been filled with facts which 
begin to grou]) themselves cZm?7//under sub-laws.” 
(L \K 2b8.) 

^J'lie problem which was to be Darwin’s chief 
subject of oceu])ation for the rest of his life thus 
pn^sented itsidf, at first, mainly under its distribu¬ 
tional asjKMd,. Why do species ])resont certain re¬ 
lations in space and in time ? Why arc the 
animals and plants of tluj Galapagos Archipelago 
so like thoHt{ of South America and yet different 
from them { Why arts those of the several islets 
more nr less (liffiinmt from one auotlicr ? Why 
an? i.lu^ animals (d’ Uns latest gciological epoch in 
Annnhra similar in Jawa to those which 
(‘xist in ihi^ sanut r<*gi<m at the pnjsont day, and 
yet Hpe<'iti(‘ally or gtme.rically different ? 

Th(^ reply to tln*S(^ <pu‘stions, wliich was almost 
univ<‘rsally n!<‘e.iv(«l fifty years ago, w?is that ani- 
xnals and plants were <;reat(iJ siudi as they are; 
and that tlnnr pres<mt distribution, at any rate so 
far as temtsl rial organisms are couccnaied, has been 
ellVeted by th(‘, migration of tlunr ancestors from 

o<uju})i<‘ti with a h*»s attm(iiiv« Hubj<‘ct. Tlumgh it 
kuujuIb panuioxit'al, tiunv Ik a good <h‘al to ho «aid in favour of 
this viow of idMuKant work. 
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the region in which the ark stranded after the 
subsidence of the deluge. It is true that the 
geologists had drawn attention to a good many 
tolerably serious diiSficulties in the way of the 
diluvial part of this hypothesis, no less than to the 
supposition that the work of creation had occupied 
only a brief space of time. But even those, such 
as Lyell, who most strenuously argued in favour 
of the sufficiency of natural causes for the pro¬ 
duction of the phenomena of the inorganic world, 
held stoutly by the hypothesis of creation in the 
case of those of the world of life. 

For persons who were unable to feel satisfied 
with the fashionable doctrine, there remained only 
two alternatives—the hypothesis of spontaneous 
generation, and that of descent with modification. 
The former was simply the creative hypothesis 
with the creator left out; the latter had already 
been propounded by De Maillet and Erasmus 
Darwin, among others ; and, later, systematically 
expounded by Lamarck. But in the eyes of the 
naturalist of the Beagle ” (and, probably, in those 
of most sober thinkers), the advocates of transmu¬ 
tation had done the doctrine they expounded more 
harm than good. 

Darwin's opinion of the scientific value of the 
Zoonomia " has already been mentioned. His 
verdict on Lamarck is given in the following pas¬ 
sage of a letter to Lyell (March, 1863):— 

Lastly, you refer repeatedly to my view as a 
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inodilication of Lamarck’s doctrine of development 
and pr<jgression. If this is your deliberate opinion 
there is nothing to be Ksaid, but it does not seem 
su to me. Plato, Buffon, my grandfatlier, before 
Lamarck and others, propounded the olmous view 
that if species wore not created separately they 
must have desoentle<l from other species, and I 
can sec nothing else in common between the 
“Origin” and Lamanjk, I bOieve this way of 
piit.ting the cast} is vtny injurious to its acceptance, 
as it implies neettssary ])rt)gression, and closely 
connectis Wallact*, s and my views with what I con- 
sitler, afU?rtwo (hdiberate nuwlings, as a wretched 
bt>ok,and one fn>m which (I well rememher to my 
surprist*} t gaimsl nothing” 

“ liut,” adtls J)a,rwin witli a little touch of 
banker, “ I know ytm ninkit liigher, which is curi- 
(Uis, as it did nt)t in the least shake your btdief ” 
(!ir. p. 14; see also ]k 10, “to me it was an ab- 
soluit‘ly UHel(*HS book.”) 

Una]>lo to iind any saiisfatitory theory of the 
prtums of (h^stuml with modilication in the works 
of his prtidecessors, Darwin proceedtid to lay the 
foundations of his own views independently; and 
he naturally tunned, in the iirst place, to the only 
certainly known examples of <lescent with modifi¬ 
cation, ntmu*Jy, thosii which are presented by 
domestic animals and cultivated plants. He 
devoted himself to tlm study of these cases with 
a ihorutiglmoHS to wluch none of his predecessors 
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even remotely approximated; and ho very soon 
had his reward in the discovery '' that selec¬ 
tion was the keystone of man’s success in mak¬ 
ing useful races of animals and plants/’ (I. p. 
83.) 

This was the first step in Darwin’s progress, 
though its immediate result was to bring him face 
to face with a great difficulty. “ But how selection 
could be applied to organisms living in a state of 
nature remained for some time a mvstery to me/’ 
(I. p. 83.) 

The key to this mystery was furnished by the 
accidental perusal of the famous essay of Malthus 
'"On Population” in the autumn of 1838. The 
necessary result of unrestricted multiplication is 
competition for the means of existence. The suc¬ 
cess of one competitor involves the failure of the 
rest, that is, their extinction; and this “ selection ” 
is dependent on the better adaptation of the suc¬ 
cessful competitor to tlic conditions of the com¬ 
petition. Variation occurs under natural, no less 
than under artificial, conditions. Unrestricted 
multiplication implies the competition of varieties 
and the selection of those whicli are relatively best 
adapted to the conditions. 

Neither Erasmus Darwin, nor Lamarck, had any 
inkling of the possibility of this process of natural 
selection” ; and though it had been foreshadowed 
by Wells in 1813, and more fully stated by 
Matthew in 1831, the speculations of the latter 
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writer remained unknown to naturalists until after 
the publication of the '' Origin of Species.” 

Darwin found in the doctrine of the selection of 
favourable variations by natural causes, which thus 
presented itself to his mind, not merely a probable 
theory of the origin of the diverse species of living 
forms, but that explanation of the phenomena of 
adaptation, which previous speculations had utterly 
failed to give. The process of natural selection is, 
in fact, dependent on adaptation—it is all one, 
whether one says that the competitor which sur¬ 
vives is the fittest'' or the best adapted."' And 
it was a perfectly fair deduction that even the 
most complicated adaptations might result from 
the summation of a long series of simple favour¬ 
able variations. 

Darwin notes as a serious defect in the first 
sketch of his theory that he had omitted to con¬ 
sider one very important problem, the solution of 
which did not occur to him till some time after¬ 
wards. This problem is the tendency in organic 
beings descended from the same stock to diverge 
in character as they become modified. . . . Tlie 
solution, as I believe, is that the modified offspring 
of all dominant and increasing forms tend to 
become adapted to many and highly diversified 
places in the economy of nature." (1. p. 84.) 

It is curious that so much importance should be 
attached to this supplementary idea. It seems 
obvious that the theory of the origin of species 
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by natural seU‘ct!uii necessarily involves the diverg- 
ciKte of the forms selected* An individual which 
varies, iqm fuHo diverges from the type of its 
species; and its progeny, in which the variation 
beeouies iutensilied by seOcction, must diverge still 
mon% not only from the parent stock, but from 
any other race of that stock starting from a varia¬ 
tion of a different character. The selective process 
could not take place unless the selected variety 
was either better adapted to the conditions than 
the origiiKil stock, or adapted to other conditions 
than the original stock. In the first case, the 
original stoclc wrmhl he sooner or later extirpated; 
in the second, the ty}Hi, as represeutinl by the 
original sto(!k and tlnj varitity, would occupy jnorc 
<liv(U*silied stations than it di<l before. 

The theory, (^sstmtially such as it was published 
fourteen years lato*r, was written out in 1844, and 
Darwin was st> fully convinced of the iinportiince 
(d* his work, as it tla*u stood, that he made special 
arrangements for its publication in (;as(* of his 
(U^ath* Ihit it is a singular examph^ of reticent 
foHitudit, that, although fortius next fourteen years 
the subject mwtsr left his mind, a.nd during the 
latti'X half of that ptxioil he was constatffly en- 
gag<ul in amassing fiicts bearing upon it from wide 
remling, a colossal con’espondcmcc^ and a long series 
of experimemts, only two or three friends were 
cognisant of his views. To the outside world he 
Heiunutl to havt^ his hands (juite s\iffi<iiontly full of 
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other matters. In 1844, he published his observa¬ 
tions on the volcanic islands visited during tlie 
voyage of the Beagle.” In 1845, a largely re¬ 
modelled edition of his Journal ” made its appear¬ 
ance, and immediately won, as it has ever since 
held, the favour of both the scientific and the un¬ 
scientific public. In 1846, the Geological Ob¬ 
servations in South America ” came out, and this 
book was no sooner finished than Darwin set to 
work upon the Oirripedes. Ho was led to under¬ 
take this long and heavy task, partly by his desire 
to make out the relations of a very anomalous 
form which he had discovered on the coast of 
Chili; and partly by a sense of presumption in 
accumulating facts and speculating on the subject 
of variation without having worked out my duo 
share of species.” (IL p. 31.) The eight or nine 
years of labour, which resulted in a monograph of 
first-rate importance in systematic zoology (to say 
nothing of such novel points as tlie discovery of 
complemental males), loft Darwin no room to re¬ 
proach himself on this score, and few will share 
his '' doubt whether the work was wortli the con¬ 
sumption of so much time.'’ (I. p. 82.) 

In science no man can safely speculate about 
the nature and relation of things witli which he is 
unacquainted at first hand, and the acijuirement 
of an intimate and practical knowledge of the 
process of species-making and of all the uncertain¬ 
ties which underlie the boundaries between species 
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an<l varieties, drawn by even the most careful and 
consci(-‘utious systrmatists ^ were of no less im- 
p<H*tiaiice to the author of the Origin of Species’' 
than was tlio bearing of the Cirripede work nj^on 

the i>rincip]es of a natural classification.” (L p. 
HI.) No one, as Darwin justly observes, has a 

right to examine the (question of species who 
has not minutely described many/’ (11. p, 39.) 

In Hoptenibor, 1854, the Cirripede work was 
iiiiished, toil thousand barnacles ” had been sent 
“ out of the house, all over the world,” and Darwin 
had th(} satisfaction of being free to turn again to 
his old notes on spechfs.” In 1855, he began to 
la'eed pigeons, and to make observations on the 
eire(d,s of nH(j and disuse, exi>eriinonts <ai seeds, 
and so on, while nfsuming Ids imlustrious collec¬ 
tion of facts, with a view'* to see liow far they 
lavour or arcj opjiostsl to the notion that wild species 
art} mntabh} or immutable. I mean with my 
utmost ])ow(ir to give all arguments ami facts on 
both sith's. T have a numhir of i^M^plc helping 
m<} evt‘ry way, aiul giving intt most valuable 

* **After a K(*t of foniw m diHtiuot spocios, tearing 

t*p my MS., and uiukiag thorn one tearing that up and 

making tlu*m w*parate, and then inakuigtlunn one again (which 
han hapjKUicd to luo), I have gnaHhod iny hndh, curned speexua, 
and &Hml what »in I had comiriittod to ho «o punishod/ (IL 
p, 40.) Ih thc.ru any naturaliwi provided with a logical aonsc and 
a largo auitt^ of BpcciTucnH, who iiaa not midergono panga of the 
«(#rt d(wcrih<«l in thi« vigoroua paragraph, wdach wdght, with 
advantage, ho printed on the titlo-pago of every systematic 
int>nogniph an a warning to the uiuxntiated ? 
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assistance; but I often doubt whether the subject 
will not quite overpower me/^ (II. p. 49.) 

Early in 1856, on LyelFs advice, Darwin began 
to write out his views on the origin of species on a 
scale three or four times as extensive as that of the 
work published in 1859. In July of the same 
year he gave a brief sketch of his theory in a 
letter to Asa Gray; and, in the year 1857, his 
letters to his correspondents show him to be busily 
engaged on what he calls his '"big book.'" (IL 
pp. 85, 94.) In May, 1857, Darwin writes to 
Wallace: '' I am now preparing my work [on the 
question how and in what way do species and 
varieties differ from each other] for publication, 
but I find the subject so very large, that, though 
I have written many chapters, I do not suppose I 
shall go to press for two years.” (IL p. 95.) In 
December, 1857, he writes, in the course of a long 
letter to the same correspondent, I am extremely 
glad to hear that you are attending to distribution 
in accordance with theoretical ideas. I am a firm 
believer that without speculation there is no good 
and original observation.” (II. p. 108.)^ lu 
June, 1858, he received from Mr. Wallace, then 
in the Malay Archipelago, an "Essay on th() 
tendency of varieties to depart indefinitely froTu 

^ The last remark contains a pregnant truth, hut it must ho 
confessed it hardly squares with the declaration in the 
biographyt (I. p. 83), that he worked on **truo Baconian 
principles." 
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the orij^ntial typis” of which Darwin says, ‘‘If 
Wallace had lay sketch written caxt in 1842 
ho could not hav(i made a better short abstract! 
Kv(*u his tcTius stand now as heads of my chapters. 
Please r^^tu^u nu^ the M>S., which lie does not say 
he wishiiS me to publish, but I shall, of course, at 
oii(‘e writii ami oiler to send it to any jtmmal. 
S(»ail my orij^inality, whatever it may amount to, 
will b(j smashed, though luy book, if ever it will 
havii any value, will not be d(‘t(‘.riorated; as all 
{\ui labour consists in tht‘ ap})lication of the 
thcory.^^ (11. p. llti.j 

Tims, Darwin's iirsi impulse was to publish 
Wall'u'c's essay without note or (‘omnu^nt of his 
own. r)Ut,<m iumHultation with Lyeil and Hooker, 
the lati*<T of whiun ha<l read the sketch of 1844, 
they suggested, as an umloubtedly more ecputable 
ersmse, tliat extracts from ihtj MS. of 1844 and 
froxn th<^ lett(!r it) Dr. Asa Gray should be com¬ 
municated to tlu^ liiiuu^an Socictty along with 
Wallace's essay. The joixii communication wjis 
rc*ad on duly 1, 1858, and jniblished under the 
tit hi ‘‘On the. Titndency uf Sptsnes to form 
Varifdies ; and an tluj Perpetuation td* Varieti<‘H 
ami Hp(Kde.s by Nattiral Means Selection” 
This was fid!owe<b on Darwin's part, by tins com- 
ixmition of a summary account c^f the conclusions 
to wlti<di his twcuniy years' work on the species 
(piestion hml led him. It <Kicupied him for 
thirteen moriths, ami apiH?arod in November, 
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1859, tmdor the title “ On the Orij^n'ii of Rpo<n<‘H 
by means of Natural Selection or the PresfTvation 
of Favoured Races in the Stru^^glc of Life/* 

It is doubtful if any single book, except the 

Principia,” ever workc<l so great s<» rapiil a 
revolution in science, or made so an 

impression on the general minth It aroused a 
tempest of opposition and mot witli c<pially 
vehement support, and it tnust he ad<led that 
no book lias been more wifhdy and persistt»nlly 
mistinderstood by both friends and foes. Iti 1861, 
Darwin remarks to a cornjHpomlcnt, ** You lutder- 
stand my book perfectly, ami that I find a very 
rare event with my critics,’* (1. ]h 8Uk) TIh^ 
immense popularity which tlio “ Origin** atf ouva^ 
ac<iuired was no doubt larg(dy du<^ to its many 
points of contact wilh ])lu!osoplii(!?d and lhe<» 
logical (piestions in which <‘V<‘ry iid{‘llig<‘nt man 
feels a profound interest; but a good deal numi 
bo assigned to a sonunvbai delusive simplicity of 
style, which tends to disguisti tlm complexity and 
difficulty of the subject, and much to the wisalth 
of information on all sorts of curious pr<d)loins of 
natural history, which is made jiccessiblc to the 
most unlearned Header. But long<K‘(‘upation wit h 
the work has le<l the pr<‘S(‘nt W!it(*r to believe 
that the “Origin of Hp(Hd(‘H** is one of tie* hardest 
of books to master; ^ and he is justified in (hin 

^ lie is coiiifomMl to liinl tiuii. ]»rol«iMy tlu* <|u*Uif!Mi 
judge among all tlio readers of the ia IHCdf was of tlte 
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conviction by observing that although the 
Origin has been close on thirty years before the 
world, the strangest misconceptions of the 
essential nature of tlic theory therein advocated 
are still put forth by serious writers. 

Although, then, the present occasion is not 
suitable for any detailed criticism of the theory, or 
of the objections wliich luavc been brought against 
it, it may not be out of place to endeavour to 
S(‘parate the substance of the theory from its 
acci<lcnts ; and to show that a variety not only of 
hostile comments, but of friendly would-be im- 
provonnuits lose their raimn (Vvire to the careful 
vStndent. Observation proves the existcnco among 
all livingbtungs of pheuonuina of three kinds, de- 
Tioted by the terms heredity, variation, and multi- 
plicuition* Progeny tend to resemble tluur parents; 
nevertheless all tlioir organs and functions are sus- 
eeptihh^ of departing more or less from the average 
panujtal <iharach‘r; and their nmnbtu’ is in excess 
of that of their parents. 8ev(ire c(>mi)etition for 
the. means of living, or the struggle for existence, 
is a iKHUiSsary couse.<}uencc of unlimited ixiultipli- 
oition; while sxh^ction, or the pn^sorvation of 
favourahhi variations and the (extinction of otln^rs, 
is a ncHtt^ssary (^onstMiuei^ct^ of sevi^re com])ctition. 
“ Favotirahle variations'' ans those which are 
udaptfid to surrounding condithms* It 

Haiuu ojunioiK Bir,). Hooker writoH, is tlio very haidoBfc 
l»<Kik to road, to full profit, that 1 «vor trkd.’' (IL \\ 242.) 
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follows, therefore, that every variety which is 
selected into a species is so favoured and pre¬ 
served in consequence of being, in sonic one or 
more respects, better adapted to its surroundings 
than its rivals. In other words, every species 
which exists, exists in virtue of ada])tation, and 
whatever accounts for that adaptation accounts for 
the existence of the species. 

To say that Darwin has ])ut forward a thet>ry of 
the adaptation of species, but not of their origin, 
is therefore to misunderstand the first principles 
of the theory. For, as has been pointed out, it is 
a necessary consequence of the theory of selection 
that every species must have some one or more 
structural or functional peculiarities, in virtue of 
the advantage conferred by which, it has fought 
through the crowd of its competitors and acliicwod 
a certain duration. In this sense, it is tru<‘, 
that every species has been originated ** by 
selection. 

There is another sense, however, in which it is 
equally true that selection originates nothing, 
IJnless profitable variations .... occur natural 
selection can do nothing*' Origin,'' Kd. I. p. 82), 
“Nothing can be effected unless favourabhi 
variations occur " (ibid., p. 108). “ What applies 
to one animal will apply throughout time to all 
animals—that is, if they vary—for otluirwisii 
natural selection can do notliing. Ho it will be 
with plants" (ihid, p. 113). Stricily speaking, 
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tlu^rof<»ro, tlie origin of spocies in general lies in 
variation; while fh(‘ origin of any particular 
speclijs lies, hrstly, in the occurrence, and secondly, 
in the st‘lcciirni and preservation of a particular 
variatiiai* Clearness on this head will relieve one 
from the necessity of attending to the fallacious 
asserti<m tlnit natural selection is c^t\m(ichin(i, 
or occMilt ageiu’y. 

Thostt, again, who cenifuse the operation of the 
natural cfuises wliitdn bring about variation and 
st‘l(a’tion with what Ihtiy ani ]>leascd to call 
chanet* ” can hardly hav(^ read the opening 
paragrajdi of tlu‘ hfth (ihajdcr of the “Origin" 
(Kd, 1, p. 181J: “ 1 have .sometimes spokiin as if 
th<‘, variations . . , , ha<l Ixu^n due to (dtancc. 
This is of (‘nurse a wholly in(^orrt*(*,t expre^ssion, 
but it seems to a<‘.kuowledge ])lainly our igno- 
raiu^e of iln^ eaus(^ of each, parti<;ular variation." 

AuoUujr point of gn^at importance} to the right 
(‘omprehension of the th<s>ry, is, tlmt while every 
spiuties must m‘eds hav(‘ some adaptive advanta- 
g(x>us (‘haraeters to width it owt'sits pres(*rvatiou 
by Hele(!i.ion, it may posst^ss any number of others 
which are, lufither advantageotis nor disadvatiia- 
geoUH, but inditlenuit, or even slightly dLsmlvan- 
tag(xm.H. {Ihid,^ p. HI.} For variations take phice, 
md, mt}n*ly in (*ne organ or function at a time, but 
in many; atnl thus an advantageous variation, 
which givt*s rise to the selection of u new race or 
HjsH*ie.H, may l»^ attcompanicnl by others which are 
V<Mm u u 
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indifferent, but wliich arc just as strongly heredi¬ 
tary as the advantageous variations. The advan¬ 
tageous structure is but one product of a niO(lili(‘d 
general constitution which may manifest itself by 
several other products; and the selective process 
carries the general constitution along witli the 
advantageous special peculiarity. A given species 
of plant may owe its cxistem^c to the selcctivcj 
a<laptation of its flowers to insect fertilisers; but the 
character of its leaves may bo the result of varia¬ 
tions of an indifferent character. It is the origin 
of variations of this kind to which Darwin refers iii 
his frequent reference to what he calls laws of 
correlation of growtli or correlated variation.^' 
These considerations lead us further to see th(‘ 
ina])pro 2 Driatcness of the objections raised to 
Darwin’s theory on the ground that natural 
selection does not account for the first comnnaHU^- 
nionts of useful organs. Dut it (lo(ts not pretend 
to do so. The source of such commencenuuits is 
necessarily to bo sought in difleront variafions, 
which remain unaffected by selection until tluiy 
have taken such a form as to become utilisjibhj in 
the struggle for existence* 

It is not essential to Darwin's tluiory that 
anything more should be assumed than the facts 
of heredity, variation, and unlimited multiplication ; 
and the validity of the deductive reasoning as to 
the effect of the last (that is, of the struggle for 
existence which it involves) upon the varieties 
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resulting from tlie operation of the former. Nor 
is it essential that one should take up any 
particular position in regard to the mode of 
variation, wlxother, for example, it takes place per 
mUnm or gradually; ^vliother it is definite in 
character or indefinite. Still less are those who 
ac(^ept the theory bound to any particular views as 
to the causes of heredity or of variation. 

That Darwin held strong opinions on some or all 
of these points may bo cpiite true ; but, so far as 
the theory is concerned, they must be regarded as 
(Mler dicta. With respect to the causes of vari¬ 
ation, Darwin’s oY>inious arc, from first to last., 
put forvv^ard altogt^tht^r teutativ(dy. In the first 
edition of the '' Origin,” ho attributes the strongtwt 
influenciJ to changiJS in the conditions of life of 
par(*ntal organisms, which ho appears to think act 
on th<‘. g(‘rm through the intenuc<liatioii of the 
Ht‘xtial organs, lie points out, over and over again, 
that habit, ust*, disuse, and the direct influence of 
conditions hav() sonui ellcot, Imt ho docs not think 
it great, and he draws attention to the difiiculty 
of <Hstinguishing between (il’fects of these agencies 
an<l those of selection. There is, liowover, one 
class of variations which ho withdraws from the 
dinict mflueiice of selection, namely, the variations 
in the fijrtility of the sexual union of more or leas 
cl(»sely allied forms. ITe regards less fertility, or 
mt»ro or hiSS complete sterility, as ** incidental to 
oilier ac(|uired<liirer<nKm” {IhuLf p, 24;>.) 

u 2 



202 


OBITUAKT 


X 


Considering the diflficiiltios -wliieh surround the 
question of the causes of variation, it is not to ho 
wondered at, that Darwin should liave inclined, 
sometimes, rather more to one and, sometimes, 
rather more to another of the possible alternatives. 
There is little difference between the last edition 
of the Origin(1872) and the first on this head. 
In 1876, howevei', he writes to Moritz Wagner, 
“ In my opinion, the greatest error wliich I have 
committed has been not allowing sufficient weight 
to the direct action of the environments, food, 
climate, &c., independently of natural selection, 
. . . . When I wrote the' Origin,* and for some 
years afterwards, I could find little good evidence 
of the direct action of the environment; now there 
is a large body of evidence, and your case of the 
Saturnia is otic of the most rernai'kable of which 
I have heard.** (Ill, p. 159.) But there is nially 
nothing to prevent the most tenacious adberont to 
the theory of natural selection from takiTug any 
view he pleases as to the importance of the dinutt 
infliuenco of conditions and the hereditary trans- 
missibility of the modifications which they produce. 
In fact, there is a good deal to 1)0 said for the view 
that the so-called direct influence of conditions is 
itself a case of selection. Whether tlie liypothcsis 
of Pangenesis be accepted or rejected, it can hardly 
bo doubted that the struggle for existence goes on 
not merely between distinct organisms, but Ixitwoen 
the physiological units of which each organism is 
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coiiiiMKsed, and that, changes in external conditions 
favour some and hindtjr others. 

After a short stay in (Jainbri<lge, Darwin resided 
in London for tlu* first five years which followed 
his return to England ; and for throe years, he held 
tlu! post of Secretary to the Geological Society, 
though lie shared to the full his friend Lyelhs 
ohjtiction to cutangleinent in such engagements. 
In fact, he uhchI to say in later life, more than half 
in (earnest, tliat he gave up hoping for work from 
men who accepted official duties and, especially, 
Government jippoiutinents. Happily for him, lie 
was i*,xempU‘.<l from the necessity of making any 
sacrifice of this kind, hut an even heavier bunlen 
was laid upon him. During the earlier half of his 
voyage Darwin riitained the vigorous health of his 
boyliood, and indee<l proved himself to bo excep¬ 
tionally (^ai)ahle of (‘uduring fatigue and privation. 
An anomalous but sev<irc disorder, which laid liini 
up forsevmu.! weeks at Valparaiso in 1834, how- 
<}ver, s<*.(mis to have left its mark on his constitution; 
and, in the lat<‘r y(»ars of his London life, attacks 
of illness, usually jiccompanied by severe vomiting 
and gn^at prostration of strength, became fre<picui 
As he grew oldt^r, a considm'ablc part of twery day, 
even at his best tinuis, was sp<mt iiuuisery; while, 
nt>t unfrcipumtly, months of suffering rendered work 
of any klml impossible. Evmi Darwiifs remarkable 
tomucity of purpos(i and meihodi(jal utilisation of 
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every particle of available energy not have 

enabled him to acldcve a fraction of the vast 
amount of labour he got through, in tlie course of 
the following forty years, had not the wisest and the 
most loving care unceasingly siuToimdcd liim from 
the time of his marriage in 1839. As early as 
1842, the failure of luialth was so mrirked 
that removal from London became imj>eratively 
necessary; and Darwin purchased a house and 
grounds at Down, a solitary hamlet in Kent, which 
was his home for the rest of his life. Under tins 
strictly regulated conditions of a valetudinarian 
existence, tlio intellectual activity of the invalid 
might have put to shame most healthy meti; and, 
so long as he could hold his head up, there, was m 
limit to the genial kindness of thought and action 
for all about him. Those fru‘uds wlio w<*re 
privileged to share tlu^ iiitimahi life, of th(*, Ihhisc- 
hold at Down have an abiding moiriory of the 
cheerful rcstfnlncss which ])m‘vad<Ml ami <duiriuiter- 
ised it. 

After tnentioning his settlement at Di)wn, 
Darwin writes in his Axxtobiography:— 

'^My chief enjoyment and solti mnploynund, 
throughout life has been scierdihe work ; ami the 
excitement from such work makes me, lor tin? time, 
forget, or drives quite away, my daily disc(>mfork 
I have, therefore, nothing to record during ilus rest 
of my life, except the publication of my several 
books/’ (I, p. 79.) 
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Of such works j)ublished subsequently to 1859, 
several ax'e monographic discussions of topics 
briefly dealt with in the “ Origin/" which, it must 
always be recollected, was considered by the 
author to be merely an abstract of an opus majus, 

Tlie earliest of the books which may be placed 
in this category, On the Various Contrivances 
by wliicli Orchids are Fertilised by Insects/’ was 
published in 1802, and whether we regard its 
theoretical significance, the excellence of the ob¬ 
servations and the ingenuity of the reasonings 
which it records, or the prodigious mass of sub- 
so{|uent investigation of which it tias been the 
parent, it has no superior in i)oint of importance. 
Thu conviction that no theory of tho origin of 
species could bo satisfactory which failed to offer 
an explanation of the way in wlxich mechanisms 
involving adaptations of structure and function to 
the porfonnauce of certain operations are brought 
about, was, from the first, dominant in Darwin’s 
Tuind. Ah lias been seen, he rejected Lamarck’s 
views because ofthoir obvious incapacity to furnisb 
such an explanation in tho case of the great 
majority of animal mechanisms, and in that 
of all those presented by the vegetable world. 

So far back as 179^1, tho wonderful work of 
Sprongel had established, In^yond any reasonable 
doubt, tlu-i fact that., in a largo number of cases, a 
flower is a piece of mechanism tho object of which 
is to convert insect visitors into agents of fertilisa- 
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tion. Sprengcl’s observations had bcou most 
undeservedly neglected and well-nigh forgotten; 
but Robert Brown having directed Darwin's 
attention to them in 1841, he was attracted 
towards the subject, and verified many of SprengcFs 
statements. (Ill, p. 258.) It may bo doubted 
whether there was a living botanical specialist, 
except perhaps Brown, who had done as much. 
If, however, adaptations of this kind were to be 
explained by natural selection, it was ncc^essary to 
show that the plants which were provided with 
mechanisms for ensuring the aid of insects as 
fertilisers, were by so much the better fitted 
to compete with their rivals. This Sprengel 
had not done. Darwin had been attending to 
cross fertilisation in plants so far hack as 1889, 
from having arrived, in the course of his spcuai- 
lations on the origin of s])ecies, at the convic¬ 
tion 'rthat crossing played an important part 
in keeping specific forms constant" (f, p. 00). 
The further development of his views on tlu^ 
importance of cross fertilisation appears to have 
taken place between this time and 1857, when ho 
published his first papers on the fertilisjition of 
flowers in the '^Gardener's Chronicle." If the 
conclusion at which he ultimately arrived, that 
cross fertilisation is favourable to the fijrtility of 
the parent and to the vigour of the offspring, is 
correct, then it follows that all those mechanisms 
which hinder self-fertilisation and favour crossing 
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must be advantageous in the struggle for exist¬ 
ence; and, the more perfect the action of the 
mechanism, the greater the advantage. Thus the 
way lay open for the operation of natural selection 
in gradually perfecting the flower as a fertilisation- 
trap. Analogoxis reasoning applies to the fertil¬ 
ising insect. The better its structure is adapted 
to that of the trap, tlie more will it be able to 
profit by the bait, whether of honey or of pollen, 
to the exclusion of its competitors. Thus, by a 
sort of action and reaction, a two-fold series of 
adaptive^ niodificati<nis will be brought about. 

In 1805, the important bearing of this subject 
on his tluMn'y led Darwin to commence a great 
series of laborious and difficult experimonts on the 
fertilisation of plants, which occupied him for 
eleven years, and furnished him with the unex- 
p(‘ctodly strong evidence in favour of the influence 
of crossing which ho published in 1870, under the 
titl<^ of Th(i Meets of (Jross and Rolf Fertilisation 
in ih(j Vegetabh^ Kingdom.'' Incidentally, as it 
to this heavy piece of work, he made the 
nunurkablc series of observations on the different 
arrangements by which crossing is favoured and, 
in many ciust^s, iu^c<jssitat(jd, wl/udi aj^pearod in the 
work on ''The Different Forms of Flowers in 
Plants of the same Species*' in 1877. 

In the course, of tlni twenty years during which 
Darwin was thus otHjupied in opening up new 
regions of hivestigatiou to the botanist and 
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showing the profound physiological significance of 
the apparently meaningless diversities of floral 
structure, his attention was keenly alive to any 
other interesting phenomena of plant life which 
came in his way, In his correspondence, he not 
unfrequently laughs at himself for his ignorance 
of systematic botany; and his acquaintance with 
vegetable anatomy and physiology was of the 
slenderest. Nevertheless, if any of the less 
common features of plant life came under his 
notice, that imperious necessity of seeking for 
causes which nature had laid upon him, impelled, 
and indeed compelled, him to inquire the how 
and the why of the fact, and its bearing on his 
general views. And as, haf)pily, the atavic ten¬ 
dency to frame hypotheses was accompanied 
by an equally strong need to test them by well- 
devised experiments, and to acquire all j)ossibIe 
information before publishing his results, the 
effect was that he touched no topic without 
elucidating it. 

Thus the investigation of the operations of 
insectivorous plants, embodied in the work on that 
topic published in 1876, was started lifleon years 
before, by a passing observation made during one 
of Darwin's rare holidays. 

*‘In the summer of 1800, T was idling and 
resting near Hartfield, where two species of 
Drosera abound; and I noticed that numerous 
insects had been entrapped by the loaves, I 
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carried home some plants, and on giving them 
some insects saw the movements of the tentacles, 
and this made me think it possible that the insects 
■were caught for some special purpose. Fortu¬ 
nately, a crucial test occurred to me, that of placing 
a largo number of leaves in various nitrogenous 
and non-niirogenous fluids of eciual density; and 
as soon as I found that the former alone excited 
energetic movements, it was obvious that here ■was 
a lino new field for investigation.” (I, p. 95.) 

The researches thus initiated led to the proof 
that plants are capable of secreting a digestive 
fluid like that of animals, and of profiting by the 
result <^f digestion ; whereby the peculiar appara¬ 
tuses of the insectivorous plants were brought 
within the scope of natural selection. Moreover, 
tliese inquiries widely enlarged our knowledge of 
the manner in which stimuli are transmitted in 
plants, and opened up a prospect of drawing closer 
tlie analogi<^s b(^twecn the motor processes of plants 
and thos(i of aininals. 

Bo with respect to the books on ‘'Cflimbing 
Plants” (1875), and on the Power of Movement 
in Plants” (1880), Darwin says 

** I was led to take up this subject by reading a 
short paper by Asa (Jray, published in 1858, He 
sent me sonui seeds, an<l on raising some plants I 
was so much fascinated and perplexed by the 
revolving movements of the tendrils and stems, 
which movemeuts are really very simple, though 
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appearing at jfirst sight very complex, that I pro¬ 
cured various other kinds of climbing plants 
and studied the whole subject. . * . Some of the 
adaptations displayed by climbing plants are as 
beautiful as those of orchids for ensuring cross- 
fertilisation/' (I, p. 93.) 

In the midst of all this amount of work, 
remarkable alike for its variety and its importance, 
among plants, the animal kingdom was by no 
means neglected. A large moiety of '' Tho 
Variation of Animals and Plants under Domesti¬ 
cation'' (1868), which contains the pUcen 
iives of the first chapter of tho Origin,” is devoted 
to domestic animals, and tho hypothesis of 

pangenesis ” propounded in the second volume 
applies to the whole living world. In the Ori¬ 
gin ” Darwin throws out some suggestions as to 
the causes of variation, but ho takes heredify, as it 
is manifested by indivitluai organisms, fur granted, 
as an ultimate fact; })angenesis is an attempt to 
account for tho phenomena of heredity in the 
organism, on the assumption that!he physiological 
units of which the organism is composed give off 
gemmules, which, in virtue of luTodity, tend to 
reproduce the unit from which they are <lorived. 

That Darwin had tho application of his theory 
to the origin of the human species clearly iu bis 
mind in 1859, is obvious from a passage in the 
first edition of The Origin of Species ” (Ed. I, 
p. 4!88.) '' In tho distant future I see open fields 
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for far more important rosoarcliof^. Psychology 
will bo basod on a new foundation, that of the 
necessary acquirement of each mental power and 
capacity by gra(lati(>n. Light will be thrown on 
the origin of man and his history,” It is one of 
th(i curiosities <jf scientific literature, that, in the 
fa('c of this plain declaration, its author should have 
been cliJirged with concealing his opinions on the 
suhjc‘t;t of the origin of man. But he reserved the 
full stahnnent of his views until 1871, when the 
*^l)**sc<uit of Man” was published. The Expres¬ 
sion of t,h<‘- Emotions ” (originally intended to form 
only a chapter in the '' Desetiut of Man ”) grew into 
a s(‘parat(i volume, which appeared in 1872. 
Although always taking a keen interest in gt^ology, 
Darwin naturally found no time disposable for 
gt^ological work, oven had his health permitted it, 
aft(tr ho became seriously engaged with the great 
])robt(‘in of sixicics. But the last of his labours is, 
in some sense, a return to his earliest, inasmuch as 
it is an (expansion of a short paper i*ead before the 
Geological Society more than foi*ty years before, 
and, as ho says, “revived old geological thoughts” 
(1, p, 98). In fact, “ The Formation of Vegetable 
Mould through the Action of Worms,” affords as 
striking an exami>lo of the great results produced 
by the long-continued operation of small causes as 
even the author of the “Priucij>los of Geology” 
eotild have desired. 

In the (^arly months of 1882 Darwin's health 
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underwent a change for the worse; attacks of 
giddiness and fainting supervened, and on tlie 10th 
of April he died. On the 24th, his remains were 
interred in Westminster Abbey, in accordance with 
the general feeling that such a man as ho should 
not go to the grave without some public recogni¬ 
tion of the greatness of liis work. 

Mr. Darwin became a Fellow of the Royal 
Society in 1839; one of the Royal Medals was 
awarded to him in 1853, and he received the 
Copley Medal" in 1864. The Life and Letters,’' 
edited with admirable skill and judgment by Mr. 
Francis Darwin, gives a full and singularly vivid 
presentment of his father's personal character, of 
his mode of work, and of the events of his life. In 
the present brief obituary notice, the writer lias 
attempted nothing more than to select and put 
together those facts which enable ns to trace the 
intellectual evolution of one of the greatest of ih(i 
many great men of science whose names adorn the 
long roll of the Fellows of the Royal Society. 
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ON OUR KNOWLEDGE OF THE CAUSES 
OF THE PHENOMENA OF ORGANIC 
NATURE 

h'iinns to Working Mm, —18G3.] 

I. 

TIIK PRKKKNT ('(^NDlTlON OF OIUUISIKJ NATURE. 

When it wan my duty to consider what subject I 
w<ail<l seli^ot for the six lectures which I shall now 
have tluj pleasure of (hdiveriug to you, it occurred 
to me that I could not <lo better than endeavour 
to put bt^foro you in a true light, or in what I 
might p<*rhaps with moni modesty call, that which 
i conceive inymdf io he. the time light, the position 
of a book which has beam more praised and more 
abusiul, perhaps, than any book which haft appeared 
for some years;—I mean Mr. Darwin s work on the 
*H)rigiu of Species.” Thai work, I doubt not, 
many of you liave read ; for I know the inquiriirg 
spirit which is rife among you. At any rate, all 
of you will have heard of it,—some by otio kind of 
report and some by another kind of report; the 
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attention of all and the curiosity of all have b(;eu 
probably more or less ('xeitccl on the subject of 
that work. All I can do, and all I shall att(‘inj>t 
to do, is to put before you that kind of judp^niout 
which has been formed by a man, who, of course, 
is liable to judge erroneously ; but, at any rate, of 
one whoso business and profession it is to form 
judgments upon questions of ihis nature. 

Andliere, as it will always happen when dealing 
with an extensive subject, the gnjater part of niy 
course—if, iiulecd, so small a number of lectures 
can bo properly called a course—must be devoted 
to preliminary matters, or rather to a statement of 
those facts and of those principles which the work 
itself dwells upon, and brings more or h‘SH directly 
before us. I have no right to sui>pos<‘, that c,U or 
any of you are naturalists ; and, even if you wen% 
the misconceptions and inisiiudcrstandings prev¬ 
alent even among naturalists, cai tliese mai.t<‘rH, 
would make it desirahlo that I should take tlu^ 
course I now propose to tak(^,—that I Hhould 
start from the hciginning,—tliat 1 shouhl emh^avour 
to point out what is the existing state of thi,‘ 
organic world—that I should point out its jmi 
condition,—that I should state what is the precisf 
nature of the undertaking which Air. J)arwin has 
taken in hand; that I shouhl endeav<Hir to show 
you what arc the only methods by wliu^h tliat 
undertaking can bo brought to an issm*, and to 
point out to you how far the author of tiu^ work 
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ill (question lias satisfied those conditions, how far 
he has not satisfied them, how far they are satis- 
fiable by man, and how far they are not satisfiable 
by man. 

To-night, in taking up the first part of the 
(juestion, I shall endeavour to put before you a 
s(»rt of broa<l notion of our knowledge of the con¬ 
dition of the living world. There are many ways 
of doing this. I might deal with it pictorially and 
graphically. Following the example of Humboldt 
iu his Aspects of Nature,'' I might endeavour to 
]>oiiit out the iafinitc variety of organic life in 
every mode of its existence, with reference to the 
variations of climate and the like; and such an 
attempt would ho fraught with interest to us all; 
but considering the subject before us, such a course 
would not ho that best calculated to assist us. In 
an argument of this kind we must go further and 
dig deep^^r into the matter; we must endeavour to 
look into th<‘. foundations of living Nature, if I 
may so say, and discover the principles involved in 
Honu‘- of most secret o])crations. I propose, 
tlujrefore, in the first place, to take some ordinary 
animal with which you are all familiar, and, by 
easily comprehensible and obvious examines drawn 
from it, to show what are the kind of problems 
whi<*h- living beings in general lay before us j and 
I shall then slnw you that the same problems are 
laid opm to us by all kinds of living beings. 
But, first, let mo say iu what semso X have used tlie 
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words '' organic nature/’ In speaking of the 
causes which lead to oar present knowledge of 
organic nature, I have used it almost as an 
equivalent of the word living,” and for this 
reason,—that in almost all living beings you can 
distinguish several distinct portions set apart to 
do particular things and work in a particular way. 
These are termed '' organs,” and the whole 
together is called “organic.” And as it is 
universally characteristic of them, the term 
“ organic ” has been very conveniently employed 
to denote the whole of living nature,—^tho whoh^ 
of the plant world, and the whole of the animal 
world. 

Few animals can be more familiar to you than 
that whose skeleton is shown on our diagram. 
You need not bother yourselves with this “ 
calallm” written under ifc; that is only the Latin 
name of it, and does not make it any better. It 
simply means the common horse. Suppose wo 
wislx to understand all about the horse. Our 
first object must be to study tlie structure) of tlio 
animal. The whole of his body is inclosed within 
a hide, a skin covered with hair; and if that hide 
or skin be taken off, we find a great mass of flesh, 
or what is technically called muscle, being the 
substance which by its power of contraction enables 
the animal to move. Those muscles move the hard 
parts one upon the other, and so give that strength 
and power of motion whicli renders the horse so 
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useful to US in the performance of those services 
in which we employ him. 

And then, on separating and removing the whole 
of this skin and flesh, you have a great series 
of bones, hard structures^ bound together with 
ligaments, and forming the skeleton which is 
represented here. 

In that skeleton there are a number of parts to 
be recognised. The long series of bones, beginning 
from the skull and ending in the tail, is called the 
spine, and those in front are the ribs; and then 
there are two pairs of limbs, one before and one 
behind; and there are what we all know as the 
fore-legs and the hind-legs. If we pursue our 
researches into the interior of this animal, we find 
within the framework of the skeleton a gi‘eat 
cavity, or rather, I should say, two great cavities, 
—one cavity beginning in the skull and running 
through tlie neck-bones, along the spine, and 
ending in the tail, containing the brain and the 
spinal marrow, which are extremely important 
organs. The second great cavity, commencing 
with the mouth, contains the gullet, the stomach, 
the long intestine, and all the rest of those internal 
apparatus which are essential for digestion; and 
then in the same great cavity, there are lodged the 
heart and all the great vessels going from it; and, 
besides that, the organs of respiration—the lungs ; 
and then the kidneys, and the organs of repro¬ 
duction, and so on. Let us now endeavour to 
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reduce this notion of a horse that wo now have, to 
some such kind of simple expressions as can be at 
once, and without difficulty, retained in the mind, 
apart from all minor details. If I make a trans¬ 
verse section, that is, if I were to saw a dead 
horse across, I should find that, if I left out the 
details, and supposing I took my section through 
the anterior region, and through the fore-limbs, I 
should have here this kind of section of the body 
(Fig. 1). Here would be tlie upper part of the 

animal—that great 
mass of bones that 
we spoke of as the 
spine (a, Fig. 1). 
Here I should have 
the alimentary 
canal (&, Fig. 1). 
Hero I shoul<! have 
the heart (r, Fig* 
1); and tht‘n you 
see, tliore would bcj 
a kind of double 
tube, tlio whole 
being inclosed with¬ 
in the hide; the spinal marrow wouhl be placoil 
in the upper tube (a, Fig. 1), and in the low(‘r 
tube {d d, Fig. 1), there would bo the alimentary 
canal (J), and the heart (c); and here I shall 
have the legs proceeding from each side. For 
simplicity’s sake, I represent them merely as 



Fig. I. 
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stumps {e 6y Fig. 1). Now that is a horse—as 
mathematicians would say—reduced to its most 
simple expression. Carry that in your minds, if 
you please, as a simplified idea of the structure of 
the horse. The considerations which I have now 
put before you belong to what we technically call 
the Anatomy ” of the horse. Now, suppose we 
go to work upon these several parts,—flesh and 
hair, and skin and bone, and lay open these various 
organs with our scalpels, and examine them by 
means of our magnifying-glasses, and see what we 
can make of them. We shall find that the flesh 
is made up of bundles of strong fibres. The brain 
and nerves, too, we shall find, are made up of 
fibres, and these queer-looking things that are 
called ganglionic corpuscles. If we take a slice of 
the bone and examine it, we shall find that it is 
very like this diagram of a section of the bone of 
on ostrich, though differing, of course, in some 
details; and if we take any part whatsoever of the 
tissue, and examine it, we shall find it all has a 
minute structure, visible only under the microscope. 
All these parts constitute microscopic anatomy or 
‘'Histology.^’ These parts are constantly being 
changed; every part is constantly growing, decay¬ 
ing, and being replaced during the life of the animal. 
The tissue is constantly replaced by new material; 
and if you go back to the young state of the tissue 
in the case of muscle, or in the case of skin, or any 
of the organs I have mentioned, you will find that 
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they all come under the same condition. Every 
one of these microscopic filaments and fibres (T 
now speak merely of the general character of tlic 
whole process)—every one of those parts—could 
bo traced down to some modification of a tissue 
which can be readily divided into little particles of 
fleshy matter, of that substance which is composed 
of the chemical elements, carbon, hydrogen, oxyg<tn, 
and nitrogen, having such a shape as this (Fig. 2). 
These particles, into which all primitive, tissues 
break up, are called colls. If I were to mak(i a 
section of a piece of the skin of my 
hand, I should find that it was 
made up of these colls. Tf I 
examine the fibres which form the 
various organs of ail living auinials, 
I should find tliat all of tluuu, at 
one time or other, had hoeii foniKsl 
out of a substance consisting of similar ^^Ioln<*llts ; 
so that you sec, just as wo reduced the wholes Ixuly 
in the gross to that sort of simple expression givmt 
in Fig. 1, so wo may reduce tin*, whole of th<) 
microscopic structural elements to a form of ewen 
greater simplicity; just as tlio plan of the whoht 
body may be so represented in a sense (Fig. 1), so 
the primaiy structure of every tissiui may he 
represented by a mass of colls (Fig. 2j. 

Having thus, in this sort of geiuiral way, 
sketched to you what I may call, pcjrluips, the 
architecture of the body of the liorse (what we 
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term technically its Morphology), I must now turn 
to another aspect. A horse is not a mere dead 
structure : it is an active, living, working machine. 
Hithei'to we have, as it were, been looking at a 
steam-engine with the fires out, and nothing in the 
boiler; but the body of the living animal is a 
beautifully-formed active machine, and every part 
has its different work to do in the working of that 
machine, which is what we call its life. The 
horse, if you see him after his day’s work is done, 
is cropping the grass in the fields, as it may be, or 
munching the oats in his stable. What is he 
doing ? His jaws are working as a mill—and a 
very complex mill too—grinding the corn, or 
crushing the grass to a pulp. As soon as that 
operation has taken place, the food is passed down 
to the stomach, and there it is mixed with the 
chemical fluid called the gastric juice, a substance 
which has the peculiar property of making soluble 
and dissolving out the nutritious matter in the 
grass, and leaving behind those parts which are 
not nutritious; so that you have, first, the mill, 
thou a sort of chemical digester; and then the 
food, thus partially dissolved, is carried back 
by the muscular contractions of the intestines into 
the hinder parts of the body, while the soluble 
portions are taken up into the blood. Tho blood 
is contained in a vast system of pipes, spreading 
through the whole body, connected with a force- 
pump,—the heart,—wliich, by its position and by 



S12 


THE CAUSES OF THE 


XI 


the contractions of its valves, keeps the blood 
constantly circulating in one direction, never 
allowing it to rest; and then, by means of this 
circulation of the blood, laden as it is with the 
products of digestion, the skin, the flesh, the hair, 
and every other part of the body, draws from it 
that which it wants, an<l every one of tliose organs 
derives those materials which are nec(‘ssary to 
enable it to do its work. 

The action of eacli of tlieso organs, thes p(T* 
formancG of each of those various duties, invoIv(i 
in their operation a continual absorption of the 
matters necessary for their support, fr<lm the 
blood, and a constant formation of waste products, 
which are returned to the blood, ami conv(*y<}d by 
it to the lungs and the kidneys, which ar(‘ organs 
that have allotted to tlicmtiu' office* of extracting, 
separating, and getting rid of tlies(^ waste j>rodu<*t,s ; 
and thus the general nourishment, labour, and 
repair of the whole machine an^ k(‘pt up witli onh*r 
and regularity. But not only is it a mafdiitnt 
which feeds and appropriates to its own support 
the nourishment necessary to its existemte- it is 
an engine for locomotm* purposc^s. 11ic. horse 
desires to go from one place to another; and to 
enable it to do this, it has those strong (Contractile 
bundles of muscles attached to th<i botu^s of its 
limbs, which arc put in motion by nutans ttf a H<»rt 
of telegraphic apparatus formed by tin* brain and 
the great spinal cord running through the spine or 
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backbone; and to this spinal cord are attached a 
number of fibres termed nerves, which proceed to 
all parts of the structure. By means of these the 
eyes, nose, tongue, and skin—all the organs of per¬ 
ception—^transmit impressions or sensations to the 
brain, which acts as a sort of great central tele- 
graph-office, receiving impressions and sending 
messages to all parts of the body, and putting in 
motion the muscles necessary to accomplish any 
movement that maybe desired. So that you have 
here an extremely complex and beautifully-pro¬ 
portioned machine, with all its parts vmrking 
harmoniously together towards one common 
object—the preservation of the life of the 
animal. 

Now, note this: the horse makes up its waste 
by feeding, and its food is grass or oats, or perhaps 
other vegetable products; therefore, in the long 
run, the source of all this complex machinery lies in 
the vegetable kingdom. But where does the grass, 
or the oat, or any other plant, obtain this nourish¬ 
ing food-producing material ? At first it is a little 
seed, which soon begins to draw into itself from 
the earth and the surrounding air matters which 
in themselves contain no vital properties what¬ 
ever; it absorbs into its own substance water, 
an inorganic body; it draws into its substance 
carbonic acid, an inorganic matter; and ammonia, 
another inorganic matter, found in the air; and 
then, by some wonderful chemical process, the 
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details of -which chemists do uot yet understand, 
though they are near foreshadowing them, it 
combines them into one substance, which is kno-wn 
to us as “ Protein,” a complex compound of carbon, 
hydrogen, oxygen, and nitrogen, which alone pos¬ 
sesses the property of manifesting vitality and of 
permanently supporting animal life. So that, you 
see, the waste products of the animal economy, 
the effete materials which are continually being 
thro-wn off by all living beings, in the form of 
organic matters, are constantly replaced by sup¬ 
plies of the necessary repairing and rebuilding 
materials dra-wn from the plants, which in their 
turn manufacture them, so to speak, by a 
mysterious combination of those same inorganic 
materials. 

Let us trace out the history of the horse in 
another direction. After a certain time, as the 
result of sickness or disease, the effect of accident, 
or the consequence of old age, sooner or later, tlio 
animal dies. The multitudinous operations of 
this beautiful mechanism flag in their perform¬ 
ance, the horse loses its -vigour, and after passing 
through the curious series of changes comprised 
in its formation and preservation, it finally decays, 
and ends its life by going back into that inorganic 
•world from which all but an inappreciable fraction 
of its substance was derived. Its bones become 
mere carbonate and phosphate of lime; the matter 
of its flesh, and of its other parts, becomes, in the 
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long run, converted into carbonic acid, into water, 
and into ammonia. You will now, perhaps, under¬ 
stand the curious relation of the animal with the 
plant, of the organic with the inorganic world, 
which is shown in this diagram. 


Inorgranic World 



The plant gathers these inorganic materials 
togotlior and makes them up into its own 
substance. The animal eats the plant and appro¬ 
priates the nutritions portions to its own susten¬ 
ance, rejects and gets rid of the useless matters; 
and, finally, the animal itself dies, and its whole 
body is decomposed and returned into the inorganic 
world. There is thus a constant circulation from 
one to the other, a continual formation of organic 
life from inorganic matters, and as constant 
a return of the matter of living bodies to the 
inorganic world; so that the materials of which 
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our bodies are composed arc largely, in all 
probability, the substances which constitutiMl the 
matter of long extinct creations, l>nt whi<*h have 
in the interval constituted a part of the iut)rganic 
world. 

Thus wo come to the conclusion, strange at first 
sight, that the Matter constituting the living 
world is identical with that whicli fu'ins tin*, 
inorganic world. And not less f.nie is it that, 
remarkable <as arc the ])Owers or, in other words, 
as arc the Forces which ar(3 oxe.rtcul by living 
beings, yet all these fonios are citluu' identical 
with those wldch exist in the inorganic world, or 
they arc convertible into thorn ; f nuian in just the 
same sense as the researches of ]>hy8i(ui,l philo¬ 
sophers have shown that h<‘at is (Convertible into 
cloctricity, tliat electricity is cimvttrtilh; 
magnetism, magnetism into m(‘cha,ni<‘al fore<* or 
chemical force, and any one of th(‘m with tin* 
other, each lieing measurable in tt‘nnH of tin* oilier, 
—ev(Ui so, I say, that gn*ai law is appli(*al>le to 
the living world. Consider why is tint skeleton 
this horse capable of supporting th(» ma!iHt‘s of 
flesh and the various organs forming ih<*. living 
body,unless it is because of tin.* action of tin* sann* 
forces of cohesion which comlihnts tog(‘ther (In* 
particles of matter composing this pi(‘(j(* of <haik 
What is there in tin? muscular contnie.tih^ jiower 
of the animal but the forc(i which is expressihle, 
and which is in a certain sense couvortihhf, into 
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the force of gravity which it overcomes ? Or, if 
you go to more hidden processes, in what does the 
process of digestion differ from those processes 
which are earned on in the laboratory of the 
chemist ? Even if we take the most recondite 
and most complex operations of animal life—^those 
of the nervous system, these of late years have 
been shown to be—I do not say identical in any 
sense with the electrical processes—but this has 
been shown, that they are in some way or other 
associated with them; that is to say, that every 
amount of nervous action is accompanied by a 
certain amount of electrical disturbance in the 
particles of the nerves in which that nervous 
action is carried on. In this way the nervous 
action is related to electricity in the same way 
that heat is related to electricity ; and the same 
sort of argument which demonstrates the two latter 
to be related to one another shows that the nervous 
forces are correlated to electricity ; for the experi¬ 
ments of M. Dubois Reymond and others have 
shown that whenever a nerve is in a state of 
excitement, sending a message to the muscles or 
convoying an impression to the brain, there is a 
disturbance of the electrical condition of that 
nerve which does not exist at other times; and 
there are a number of other facts and phenomena 
of that sort; so that we come to the broad con¬ 
clusion that not only as to living matter itself, but 
as to the forces that matter exerts, there is a close 
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relationship between the organic and the inorganic 
world—^the difference between them arising from 
the diverse combination and disposition of identical 
forces, and not from any primary diversity, so far 
as we can see. 

I said just now that the horse eventually died 
and became converted into the same inorganic 
substances from whence all but an inappreciable 
fraction of its substance demonstrably originated, 
so that the actual wanderings of matter are as 
remarkable as the transmigrations of the soul 
fabled by Indian tradition. But before death has 
occurred, in the one sex or the other, and in fact 
in both, certain products or parts of the organism 
have been set free, certain parts of the organisms 
of the two sexes have come into contact with one 
another, and from that conjunction, from that 
union which then takes place, there results the 
formation of a new being. At stated times the 
mare, from a particular part of the interior of her 
body, called the ovary, gets rid of a minute 
particle of matter comparable in all essential 
respects with that which we called a cell a little 
while since, which cell contains a kind of nucleus 
in its centre, surrounded by a clear space and by a 
viscid mass of protein substance (Fig. 2); and 
though it is different in appearance from the eggs 
which we are mostly acquainted with, it is really 
an egg. After a time this minute particle of 
matter, which may only be a small fraction of a 



XI 


PHENOMENA OF ORGANIC NATURE 3l9 


grain in weight, undergoes a series of changes,— 
wonderful, complex changes. Finally, upon its 
surface there is fashioned a little elevation, which 
afterwards becomes divided and marked by a 
groove. The lateral boundaries of the groove 
extend upwards and downwards, and at length 
give rise to a double tube. In the upper and 
smaller tube the spinal marrow and brain are 
fashioned ; in the lower, the alimentary canal and 
heart; and at length two pairs of buds shoot out at 
the sides of the body, and they are the rudiments 
of the limbs. In fact a true drawing of a section 
of the embryo in this state would in all essential 
respects resemble that diagi'am of a horse reduced 
to its simplest expression, which I first placed 
before you (Fig. 1). 

Slowly and gradually these changes take place. 
The whole of the body, at first, can be broken up 
into “cells,” which become in one place meta¬ 
morphosed into muscle,—in another place into 
gristle and bone,—in another place into fibrous 
tissue,—and in another into hair; every part 
becoming gradually and slowly fashioned, as if 
there were an artificer at work in each of these 
(jomplox structures that I have mentioned. This 
embryo, as it is called, then passes into other con¬ 
ditions. I should tell you that there is a time when 
the embryos of neither dog, nor horse, nor porpoise, 
nor monkey, nor man, can be distinguished by any 
(isseutiai feature one from the other; there is a 
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time when they each and all of them resemble 
this one of the dog. But as development 
advances, all the parts acquire their speciality, 
till at length you have the embryo converted into 
the form of the parent from which it started. So 
that you see, this living animal, this horse, begins 
its existence as a minute particle of nitrogenous 
matter, which, being supplied with nutriment 
(derived, as I have shown, from the inorganic 
world), grows up according to the special type and 
construction of its parents, works and undergoes a 
constant waste, and that waste is made good by 
nutriment derived from the inorganic world; the 
waste given off in this way being directly added 
to the inorganic world. Eventually the animal 
itself dies, and, by the process of decomposition, 
its whole body is returned to those conditions 
of inorganic matter in which its substance 
originated. 

This, then, is that which is true of every living 
form, from the lowest plant to the highest aaiinial 
—^to man himself. You might define the life of 
every one in exactly the same terms as those 
which I have now used; the difference betwcicn 
the highest and the lowest being simply in the 
complexity of the developmental changes, the 
variety of the structural forms, and the diversity 
of the physiological functions which are exerted 
by each. 

If I were to take an oak tree, as a specimen of 
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the ])lant world, I should find that it originated in 
an acorn, wdiich, too, commenced in a cell; the 
acorn is placcid in the ground, and it very speedily 
begins to absorb the inorganic matters I have 
named, adds enormously to its bulk, and we can 
sec it, year after year, extending itself upward 
fUid downward, attracting and appropriating to 
itself inorganic materials, which it vivifies, and 
evtmtually, as it ripens, gives off its own proper 
acorns, which again run the same course. But I 
need not multiply examples,—from the highest to 
the lowest the essential features of life are the 
same as I luive doscribfid in each of those cases. 

Ro much, then, for these particular features of 
the organic world, whicli you can understand and 
coinpnihend, so long as you confine yourself to one 
sort of living being, and study that only. 

Jhit, as you know, horses arc not the only living 
crcjatures in the world ; and again, horses, like all 
oih<‘r animals, have certain limits—are confined 
to a c(,‘rfcaiu area on the surface of the earth on 
which we live,—an<l, as that is the simpler matter, 
1 may take that first. In its wild state, and before 
the discovery of America, when the natural state 
of things was interfered with by the Spaniards, the 
horse was only to be found in parts of the earth 
which are known to geographers as the Old 
World ; that is to say, you might meet with 
horH(*.s in Kut:oi>e, Asia, or Africa; but there were 
xione in Australia, and there wercxione whatsoever 
von. n 
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in tlie whole continent of America, from Labrador 
down to Cape Horn. This is an empirical fact, and 
it is what is called, stated in the way I have 
given it you, the Geographical Distribution '' of 
the horse. 

Why horses should be found in Europe, Asia, 
and Africa, and not in America, is not obvious; 
the explanation that the conditions of life in 
America are unfavourable to their existence, and 
that, therefore, they had not been created tlicre, 
evidently does not apply; for when the invading 
Spaniards, or our own yeomen farmers, conveyed 
horses to these countries for their own use, they 
were found to thrive well and multiply very 
rapidly; and many are even now running wild in 
those countries, and in a perfectly natural condition. 
Now, suppose we were to do for every animal 
what we have here done for the horse,—that is, 
to mark off and distinguish the particular district 
or region to which each belonged; and supposing 
we tabulated all those results, that would be 
called the Geographical Distribution of animals, 
while a cori'esponding study of plants would yield 
as a result the Geographical Distribution of 
plants. 

I pass on from that now, as I merely wished to 
explain to you what I meant by the use of the 
term '"Geographical Distribution.'' As 1 said, 
there is another aspect, and a niucli more im¬ 
portant one, and that is, the relations of the various 
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animals to one another. The horse is a very well- 
defined matter-of-fact sort of animal, and we are 
all pretty familiar with its structure. I dare say 
it may have struck you, that it resembles very 
much no other member of the animal kingdom, 
except perhaps the zebra or the ass. But let me 
ask you to look along these diagrams. Here is 
the skeleton of the horse, and here the skeleton 
of the dog. You will notice that we have in the 
horse a skull, a backbone and ribs, shoulder-blades 
and haunch-bones. In the fore-limb, one upper 
arm-bone, two fore arm-bones, wrist-bones (wrongly 
called knee), and middle hand-bones, ending in 
the throe bones of a finger, the last of which is 
sheathed in the horny hoof of the fore-foot; in the 
liind-limb, one thigh-bone, two leg-bones, ankle- 
bones, and middle foot-bones, ending in the three 
bones of a too, tlxo last of which is encased in the 
hoof of tlio hind-foot. Now turn to tlio dog’s 
skeleton. We find identically the same bones, but 
more of tlicni, tliore being more toes in each foot, 
and hence more toc-bones. 

Well, that is a very curious thing ! The fact is 
that the dog and the horse—when one gets a 
look at them without the outward impediments of 
the skin—are found to be made in very much the 
same sort of fashion. And if I wore to make a 
transverse section of the dog, I should find the 
same organs that I have already shown you as 
formirig parts of the horse. Well, here is another 
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skeleton—that of a kind of lemur—you see he 
has just the same bones; and if I were to make a 
transverse section of it, it would be just the same 
again. In your mind^s eye turn him round, so as 
to put his backbone in a position inclined obliquely 
upwards and forwards, just as in the next three 
diagrams, which represent the skeletons of an 
orang, a chimpanzee, and a gorilla, and you find 
you have no trouble in identifying the bones 
throughout; and lastly turn to the end of the 
series, the diagram representing a man's skoleton, 
and still you find no great structural feature 
essentially altered. There are the same bones in 
the same relations. From the horse wc pass on 
and on, with gradual steps until wo arrive at last 
at the highest known forms. On tlie other han<l, 
take the otlicr line of diagrams, and pass from the 
horse downwards in the scale to this ilsh; and 
still, though the modifications are vastly gn^ahir, 
the essential framework of tluj organ isat.ion 
remains unchanged. Here, for instarHj(^ is a 
porpoise: here is its strong backboiui, with thc^ 
cavity running through it, which contains the 
spinal cord; here are the ribs, hero the shoulder- 
blade ; here is the little short upper-arm bon<i, 
here are the two forearm bones, the wrist-bone, 
and the finger-hones. 

Strange, is it not, that tlie porj)ois<» should havt» 
in this queor-lookiiig affair—its llapixjr (as it is 
called), the same fundamental clcnuiuts as the 
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forc-leg of tlie liorso or tlie dog, or tlic ape or 
man; and liere you Avill uoiico a very curious 
thing,—the hinder limbs are absent. Now, let 
us make another jump. Let us go to the codfish: 
here you sec is the forearm, in this large pectoral fin 
—carrying your mind’s eye onward from the flapper 
of the porpoise. And hero you have the hinder 
limbs restored in the shape of these ventral fins. 
If I were to make a transverse section of this, I 
should find just the same organs that we have 
before noticed. So that, you see, there comes out 
this strange conclusion as the result of our 
investigations, that the horse, when examined 
ami compare<l witli other animals, is found by no 
mt^aus to stand alone in Nature; but that there 
arc an enormous number of otlier creatures which 
have backbones, ribs, and legs, and other parts 
arrang(id in the same general manner, and in 
all their formation (‘xhibiting the same broad 
p(^culiarities, 

I am sure that you (cannot have followed mo 
even in this extrenuily (ihummiary exposition of 
th(^ siruetuval relations of animals, without seeing 
what I have been driving at all through, which is, 
to show you that, st<i]) by st<‘.]), naturalists have 
come to tlui id<^a of a unity of plan, or conformity 
of constrm^tum, among animals which appeared at 
first sight to be ttxtrmmdy dissinnlar. 

And here you haves (widences of suedi a unity of 
plan among all the aninuds wliich have backbones, 
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and which. We technically call Vertehrata, But 
there are multitudes of other animals, such as 
crabs, lobsters, spiders, and so on, which we term 
Anmdosa, In these I could not point out to you the 
parts that correspond with those of the horse,— 
the backbone, for instance,—as they are constructed 
Upon a very different principle, which is also 
common to all of them; that is to say, the lobster, 
the spider, and the centipede, have a common 
plan running through their whole arrangement, 
in just the same way that the horse, the dog, 
and the porpoise assimilate to each other. 

Yet other creatures—whelks, cuttlefishes, 
oysters, snails, and all their tribe {Mollmca )— 
resemble one another in the same way, but differ 
from both Vertebrata and Annulosa ; and the lik<^ 
is true of the animals called Gmlmtmita (Polypes) 
and Protozoa (animalcules and sponges). 

Now, by pursuing this sort of comparison, 
naturalists have arrived at the conviction that 
there are,—some think five, and some Hev(‘ii,—but 
certainly not more than the latter numbeu*—and 
perhaps it is simpler to assume five—distinct plans 
or constructions in the whole of the animal world ; 
and that the hundreds of thousands of sp('cit^s 
of creatures on the surface of the earth, are all 
reducible to those five, or, at most, sevim, plans of 
organisation. 

But can we go no further than that? Wlum 
one has got so far, one is tempted to go on a step 
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and inquire whether we cannot go back yet 
further and bring down the whole to modifications 
of one primordial unit. The anatomist cannot do 
this ; but if he call to his aid the study of develop¬ 
ment, he can do it. For we shall find that, dis¬ 
tinct as those iilans are, whether it be a porpoise ' 
or man, or lobster, or any of those other kinds I. 
have mentioned, every one begins its existence 
with one and the same primitive form,—that of 
the egg, consisting, as we have seen, of a nitro¬ 
genous substance, having a small particle or nucleus 
in the centre of it. Furthermore, the earlier 
changes of each are substantially the same. And 
it is in this that lies that true " unity of organi¬ 
sation of the animal kingdom which has been 
guessed at and fancied for many years; but which 
it has been left to the present time to be demon¬ 
strated by the carciful study of development. But 
is it possible to go another step further still, and 
to show that in the same way the whole of the 
organic world is reducible to one primitive con¬ 
dition of form? Is there among the plants the 
same primitive form of organisation, and is that 
identical with that of the animal kingdom ? The 
rej)ly to that question, too, is not uncertain or 
doubtful. It is now proved that every plant 
begins its existence under the same form; that is 
to say, in that of a cell—a particle of nitrogenous 
matier having substantially the same conditions. 
So that if you trace back the oak to its first 
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germ, or a man, or a horse, or lobster, or oyster, or 
any other animal you choose to name, you shall find 
each and all of these commencing their existence 
in forms essentially similar to each other; and, 
furthermore, that the first processes of growth, 
and many of the subsequent modifications, are 
essentially the same in principle in almost alL 
In conclusion, let me, in a few words, recapitu¬ 
late the positions which I have laid down. And 
you must understand that I have not been 
talking mere theory; I have been speaking of 
matters which are as plainly demonstrable as the 
commonest propositions of Euclid—of facts that 
must form the basis of all speculations and beliefs 
in Biological science. We have gradually traced 
down all organic forms, or, in other words, we have 
analysed the present condition of animated nai.urcj, 
until we found that each species took its origin in 
a fonn similar to that under which all the others 
commenced their existence. We have found tln^ 
whole of the vast array of living forms with whkth 
we are surrounded, constantly growing, iner(%asijig, 
decaying and disappearing; the animal constantly 
attracting, modifying, and applying to its susiim- 
ance the matter of tlio vegetable kingdom, which 
derived its support from the absorption and con¬ 
version of inorganic matter. And so constant and 
universal is this absorption, waste, and njpro- 
duction, that it may be said with p(irf<‘Ct (*orUu‘uty 
that there is left in no one of our bodies at the 



XI 


PHENOMENA OF ORGANIC NATURE 329 


present moment a millionth part of the matter of 
which they were originally formed! We have 
seen, again, that not only is the living matter 
derived from the inorganic world, but that the 
forces of that matter are all of them correlative 
with and convertible into those of inorganic 
nature. 

This, for our present purposes, is the best view 
of the present condition of organic nature which I 
can lay before you : it gives you the great outlines 
of a vast picture, which you must fill up by your 
own study. 

In the next lecture I shall endeavour in the 
same way to go back into the past, and to sketch 
in the same broad manner the history of life in 
epoclis preceding our own. 
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In tli(^ l(‘(*turc \vhi(*li I (l<‘liwn‘<i last M<»iala.y 
evening, I endeavoured to skettdi in a viuy 
manner, btit ns well ns tln^ time at. my <lisi)OHal 
wonkl pcTinit, the ]>r(‘S(nit oomlition of organ!*' 
nature, moaning by that laTg*^ titlij simply an 
indication of th(‘- gn^it, broa<l, a,ml gen<*raJ 
principbs wliicli arc^ t*^ 1>(‘ (liseov(*n‘d by those 
who look attentively at lint plamomena of iirganie 
nature as at pnjsont displayisl. The gttneraJ 
result of our investigations might b<‘ Humm<*<l np 
tluis: wo found that tlui nmltlplieity of tluj forms 
of animal Tde, gnjat as that may bt% may be 
reduces! to a comparativctly f(iw primitive plans oi 
typos of construction ; that a furtluT study uf th(‘ 
development of those dilFereiit forms r(‘Vt\*ile<l to 
us that they wenj again r(Mlu<*ibh\ imtll we at 
last brought the infinite <liv(U'sify of animal, and 
even vegetabh^ life, down to the prirmu'dial form 
of a single cell. 
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We found that our analysis of the organic 
world, whether animals or plants, showed, in the 
long run, that they might both be reduced into, 
and were, in fact, composed of, the same con¬ 
stituents. And we saw that the plant obtained 
the materials constituting its substance by a 
peculiar combination of matters belonging entirely 
to the inorganic world; that, then, the animal was 
constantly appropriating the nitrogenous matters 
of the plant to its own nourishment, and returning 
them back to the inorganic world, in what we 
spoke of as its waste ; and that finally, when the 
animal ceased to exist, the constituents of its body 
were dissolved and transmitted to that inorganic 
world whence they had been at first abstracted. 
Thus we saw in both the blade of grass and the 
horse but the same elements differently combined 
and arranged. We discovered a continual circula¬ 
tion going on,—^tho plant drawing in the elements 
of inorganic nature and combining them into food 
for the animal creation; the animal borrowing 
from the plant the matter for its own support, 
giving off during its life products whicli returned 
immcidiately to tlxe inorganic world; and that, 
cwontually, the constituent materials of the whole 
structure of both animals and plants were thus 
returned to their original source: there was a 
constant passage from one state of existence to 
another, and a returning back again. 

Lastly, when we endeavoured to form some 
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notion of the nature of the forces exercised by 
living beings, we discovered that they—if not 
capable of being subjected to the same minute 
analysis as the constituents of those beings them¬ 
selves—that they were correlative with—that they 
were the equivalents of the forces of inorganic 
nature—that they were, in the sense in which the 
term is now used, convertible with them. That was 
our general result. 

And now, leaving the Present, I must endeavour 
in the same manner to put before you the facts 
that are to be discovered in the Past history of 
the living world, in the past conditions of organic 
nature. We have, to-night, to deal with the facts 
of that history—a history involving periods of 
time before which our mere human records sink 
into utter insignificance—a history the variety and 
physical magnitude of whose events cannot (iveu 
be foreshadowed by tlie history of human life an<l 
human phenomena—a history of the most varied 
and complex character. 

Wo must deal with the history, then, in tlie 
first place, as we should deal with all otluir 
histories. The historical student knows that his 
first business should be to inciuire into the validity 
of his evidence, and the nature of tlie record in 
which the evidence is contained, that he may bo 
able to form a proper estimate of the correctness 
of the conclusions which have been drawn from 
that evidence. So, here, we must pass,in the first 
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place, to the consideration of a matter which may 
seem foreign to the question under discussion. 
We must dwell upon the nature of the records, 
and the credibility of the evidence they contain; 
we must look to the completeness or incomplete¬ 
ness of those records themselves, before we turn to 
that which they contain and reveal. The question 
of t.hc credibility of the history, happily for us, 
will not re<iuirc much consideration, for, in this 
history, unlike those of human origin, there can 
he no cavilling, no differences as to tlio reality and 
truth of the facts of which it is made up; the 
facts state ih(‘insolves, and are laid out clearly 
befoni us. 

But, ahhough one of the greatest difficulties of 
the historical sttident is cleared out of our path, 
thcTc are other difficulties—difficulties in rightly 
int<*rpreting the facts as they arc presented to us 
—whi(h may ho compared with the greatest 
diftutulties of any other kinds of historical study. 

What, is this n‘(M>rd of the past history of the 
giolxs an<l what are the questions which arc 
iuvolvi'd in an iiKpiiry into its completeness or 
incoruploteness ? That record is composed of 
mud; and the <iuestion which we have to investi¬ 
gate this evening resolves itself into a question of 
the formation of mud You may think, perhaps, 
that, this is a vast st(q)—of almost from the 
sublime to the ridunilous—from the contemplation 
of the history of the past ages of the worldts 



3S4 


THE CAUSES OF THE 


XI 

existence to the consideration of the history of the 
formation of mud 1 But, in Nature, there is 
nothing mean and unworthy of attention; there is 
nothing ridiculous or contemptible in any of her 
works ; and this inquiry, you will soon see, I hope, 
takes us to the very root and foundations of our 
subject. 

How, then, is mud formed ? Always, with 
some trifling exceptions, which I need not consider 
now—always, as the result of the action of water, 
wearing down and disintegrating the surface of 
the earth and rocks with which it comes in 
contact—pounding and grinding it down, and 
carrying the particles away to places where they 
cease to be disturbed by this mechanical netion, 
and where they can subside and rest. For tlio 
ocean, urged by winds, washes, as we know, a long 
extent of coast, and every wave, loaded as it. is 
with particles of sand and gravel as it bi’eaks 
upon the shore, does something towards the dis¬ 
integrating process. And tlius, slowly but sundy, 
the hardest rocks arc gradually ground down t.o a 
powdery substance; and the mud tlms formc<l, 
coarser or finor^ as the case may bo, is carried by 
the rush of the tides, or currents, till it reaches 
the comparatively deeper parts of the ocean, in 
which it can sink to the bottom, that is, to parts 
where there is a depth of about fourteen or lift(;en 
fathoms, a depth at which the water is, usually, 
nearly motionless, and in which, of course, the 
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finer particles of tliis detritus, or mud as we call 
it, sinks to the bottom. 

Or, again, if you take a river, rushing down 
from its mountain sources, brawling over the 
stones and rocks that intersect its path, loosening, 
rcuK^ving, and carrying with it in its downward 
course the pebbles and lighter matters from its 
banks, it crushes and pounds down the rocks and 
earths in precisely the same way as the wearing 
action of the sea waves. The matters forming the 
deposit are torn from the mountain-side and 
whirled impetuously into the valley, more slowly 
over the plain, thence into the estuary, and from 
the estuary they arc swept into the sea. The 
coarser and heavier fragments arc obviously 
<lc])Osited first, tliat is, as soon as the current 
begins to lose its force by becoming amalgamated 
with th(3 stiller depths of the ocean, but the finer 
and lighter particles arc carried further on, and 
eveiitmdly (le])Ositodiu a deeper and stiller portion 
of iliti o(;ean. 

It clea,rly follows from this that mud gives us a 
chronology; for it is evident that supposing this, 
which I now sketch, to bo the sea bottom, and 
supposing tliis to be a coast-line ; from the wash¬ 
ing action of the sea upon the rock, wearing and 
grinding it down into a sediment of mud, the mud 
will b(i carried down, and, at length, deposited in 
the dtieper parts of this sea bottom, where it will 
form a layer; and then, while that first layer is. 
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hardening, other mud which iwS coming from the 
same source will, of course, he carried to the same 
place; and, as it is quite impossible for it to get 
beneath the layer already there, it deposits itself 
above it, and forms another layer, and in that 
way you gradually have layers of mud constantly 
forming and hardening one above the other, and 
conveying a record of time. 

It is a necessary result of the operation of tlui 
law of gravitation that the uppermost layer sliall 
be the youngest and the lowest the oldest, and 
that the different beds shall bo older at any 
particular point or spot in exactly the ratio of tluur 
depth from the surface. So that if they wore 
u})hoavcd aftcrwaixls, and you had a seruns of 
these different layers of mud, conv(irtod into sand¬ 
stone, or limestone, as the case might he, you 
might be sure that the bottom layer was deposited 
first, and that the upper layers were fornad aft<*r- 
wards. Here, you sec, is the first step in th<^ history 
—those layers of mud give us an idtsa of time. 

The whole surface of the earth,— I s]>eak 
broadly, and leave out minor qualifications,-'--is 
made up of such layers of mud, so har<l, tlui 
majority of them, that we call them rock wliether 
limestone or sandstone, or other varieties of rock. 
And, seeing that'every part of tlm crust of the 
earth is made up in this way, you might think 
that the determination of the chronology, the 
fixing of the time which it has taken to form tliis 
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crust is a comparatively simple matter. Take a 
broad average, ascertain bow fast the mud is 
deposited upon the bottom of the sea, or in the 
estuary of rivers ; take it to be an inch, or two, or 
three inches a year, or whatever you may roughly 
estimate it at; then take the total thickness of 
the whole series of stratified rocks, which geolo¬ 
gists estimate at twelve or thirteen miles, or about 
seventy thousand feet, make a sum in short 
division, divide the total thickness by that of the 
(juaiitity deposited in one year, and the result will, 
of course, give you the number of years which the 
crust has taken to form. 

Truly, that looks a very simple process! It 
would bo so except for certain difficulties, the very 
first of which is that of finding how rapidly 
s(jdiment,s are deposited; but the main difficulty 
—a difficulty which renders any certain calcula¬ 
tions of such a matter out of the question—is 
this, the sea-bottom on which the deposit takes 
phu^c is continually shifting. 

Instead of the surface of the earth being that 
stable, fixed thing that it is popularly believed to 
bo, being, in common parlance, the very emblem 
of fixity itself, it is incessantly moving, and is, 
in fact, as unstable as the surface of the sea, 
oxcespt that its undulations are infinitely slower 
and enormously higher and deeper. 

Now, what is the effect of this oscillation? 
Take the case to which I have previously 

YOU n z 
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referred. The finer or coarser sediments that 
are carried down by the current of the river, 
will only be carried out a certain distance, and 
eventually, as we have already seen, on reaching 
the stiller part of the ocean, will be deposited at 
the bottom. 

Let C y (Fig. 4) be the sea-bottom, y D the 
shore, x y the sea-level, then the coarser deposit 
will subside over the region B, the finer over A, 
while beyond A there will be no deposit at all • 



and, consequently, no record will be kept, simply 
because no deposit is going on. Now, su]q)oso 
that the whole land, 0, D, which we liavc regardtjd 
as stationary, goes down, as it does so, Ix^th A and 
B go further out from the shore, which will be at 
yh being the new sca-lcvel. The con¬ 
sequence will be that the layer of mud (A), being 
now, for the most part, further than tlie force of 
the current is strong enough to convey even the 
finest ddhifi, will, of course, receive no more 
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deposits, and having attained a certain thickness 
will now grow no thicker. 

We should be inMed in taking the thickness of 
that layer, whenever it may be exposed to our 
view, as a record of time in the manner in which 
we are now regarding this subject, as it would 
give us only an imperfect and partial record; 
it would seem to represent too short a period of 
time. 

Suppose, on the other hand, that the land (C D) 
had gone on rising slowly and gradually—say an 
inch or two inches in the course of a century,— 
what would be the practical effect of that move¬ 
ment ? Why, that the sediment A and B which 
has been already deposited, would eventually be 
brought nearer to the shore-level and again sub¬ 
jected to the wear and tear of the sea; and directly 
the sea begins to act upon it, it would of course 
soon c\it up and carry it way, to a greater or less 
extent, to be re-deposited further out. 

Well, as there is, in all probability, not one single 
Hp<»t on the wliole surface of the earih, which has 
not been up and down in this way a great many 
tim(JS, it follows that the thickness of the deposits 
formed at any particular spot cannot be taken 
((wen supposing we had at first obtained correct 
da.ta as to th<^ rate at which they took place), as 
affording reliable information as to the period of 
iinu) occupied in its deposit. So that you see it is 
absolnt(^ly necessary from those facts, seeing that 
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our record entirely consists of accumulations of 
mud, superimposed one on the other; seeing in 
the next place that any particular spots on which 
accumulations have occurred, have been constantly 
moving up and down, and sometimes out of the 
reach of a deposit, and at other times its own 
deposit broken up and carried away, it follows that 
our record must be in the highest degree imper¬ 
fect, and we have hardly a trace left of thick 
deposits, or any definite knowledge of the area 
that they occupied, in a great many cases. And 
mark this 1 That supposing even that the whole 
surface of the earth had been accessible to the 
geologist,—that man had had access to every part 
of the earth, and had made sections of the whole, 
and put them all together,—even then his record 
must of necessity be imperfect. 

But to how much has man really access? If 
you will look at this map you will sec that it 
represents the proportion of the sea to the earth : 
this coloured part indicates all the dry land, and 
this other portion is the water. You will notice 
at once that the water covers three-fifths of the 
whole surface of the globe, and has cov(U'(.h 1 it in 
the same manner ever since man has kc^pt any 
record of his own observations, to say nothing of 
the minute period during wliich lie lias cultivatc^d 
geological inquiry. So that three-fifths of the 
surface of the earth is shut out from us because 
it is under the sea. Let us look at the other 
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two-fifths, and see what are the countries in 
which anytliing that may he termed searching 
geological inquiry has been carried out: a good 
deal of France, Germany, and Great Britain and 
Ireland, bits of Spain, of Italy, and of Russia, have 
been examined, but of the whole great mass of 
Africa, except parts of the southern extremity, 
we know next to nothing; little bits of India, but 
of the greater part of the Asiatic continent 
nothing; bits of the Northern American States 
and of Canada, but of the greater part of the 
continent of North America, and in still larger 
proportion, of South America, nothing! 

Under these circumstances, it follows that even 
with reference to that kind of impex'fect informa¬ 
tion which we can possess, it is only of about the 
ten-thousandth part of the accessible parts of the 
earth that has been examined properly. There¬ 
fore, it is with justice that the most thoughtful of 
those who are concerned in those inquiries insist 
continually iii)on the imperfection of the geological 
record; for, I repeat, it is absolutely necessary, 
from tlui nature of things, that that record should 
b(j of the most fragmentary and imperfect 
eharfictor. Unfortunately this circumstance has 
been constantly forgotten. Men of science, like 
young (U)lts in a fresh pasture, are apt to be 
(ixliilarated on being turixed into a new field of 
incpiiry, to go off at a hand-gallop, in total 
<lisri‘gard of hedges and ditches, to lose sight of 
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the real limitation of their inquiries, and to 
forgot the extreme imperfection of •what is really 
known. Geologists have imagined that they could 
tell us what was going on at all parts of the 
earth's surface during a given epoch; they have 
talked of this deposit being contemporaneous with 
that deposit, until, from our little local histories of 
the changes at limited spots of the earth's surface, 
they have constructed a universal history of the 
globe as full of wonders and portents as any other 
story of antiquity. 

But what does this attempt to construct a 
universal history of the globe imply? It implies 
that we shall not only have a precise knowledge of 
the events which have occurred at any particular 
point, but that we shall be able to say what events, 
at any one spot, took place at the same time with 
those at other spots. 

Let us see how far that is in the nature of 
things practicable. Suppose that here I makcj 
a section of the Lake of Killarney, and hcn'o tlu^ 
section of another lake—^that of Loch Lotuond 
in Scotland for instance. The rivers that How 
into them are constantly carrying down dep{)sits 
of mud, and beds, or strata, arc being as constantly 
formed, one above the other, a't the bottom of 
those lakes. Now, there is not a shadow of doubt 
that in these two lakes the lower beds are all 
older than the upper—there is no doubt about 
that; hut what does ilm tell us about the age of 
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any given bed in Locli Lomond, as compared with 
that of any given bed in the Lake of Killarney ? 
It is, indeed, obvious that if any two sets of 
'deposits are separated and discontinuous, there is 
a])solutely no means whatever given you by the 
nature of the deposit of saying whether one is 
much younger or older than the other; but you 
may say, as many have said and think, that the 
case is very much altered if the beds which we 
are comparing are continuous. Suppose two beds 



of tnud hardened into rock,—A and B—are seen 
iii ft<‘ct.ion. (Fig. 5.) 

Wc‘ll, you say, it is admitted that the lowei- 
tiiost bed is always the older. Very well; B, 
therefore, is older than A. No doubL, as a whohi 
it is BO; or if any ])arts of the two beds which are 
in the same vertical lino are compared, it is so. 
But suppose you take what seems a very natural 
step furtlicr, and say that the part a of the bed A 
is younger than the part h of the bed B. Is this? 
sound reasoning ? If you find any record of 
cbangtjs taking pUice at did they occur Jjefore 
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any evcntR which took ])lacc wliiU*, a wiis being 
deposited ? It looks all very plain sailing, indcu^d, 
to say that they did; and yet there is no pr<K)f of 
anything of the kind. As the former Din^ctor of 
this Institution, Sir H. Do la Bcchc, long ago 
showed, this reasoning may involve an entire 
fallacy. It is extremely possible that a may havt? 
been deposited ages before 1), It is very easy to 
understand how that can bo. To return to Fig. 
4; when A and B wore deposited, they w(ire 
stMantially contemporaneous; A b(dng simply 
the finer deposit, and B the coarser of the sannj 
detritus or waste of land. Now supposii that 
that sea-bottoui goes down (as shown in Fig. 4), 
so that the first deposit is carried uo fari.hor than 
a, fuiiniug the ])ed Ah and tlici coarst^ no fart her 
than />, forming the b(‘d J>h tlui result will In*, the 
forinati(jn of two continuous h<‘ds, (un* of fine 
sediment (A A^) over-lapping another of<*oarse 
sediment (B B^). Now supposci the whole S(‘a- 
botfcom is raised up, and a secjtion exposal about 
the point A^; no doubt, a/5 /Jiis Hpnt, tliti upper 
bed is youngcT than the lower. But w<i should 
obviously greatly err if we (jon<dnd(‘d tluit the 
mass of the upper bod at A was younger than tln^ 
lower bed at B ; for wo have ju.st s(‘en that tln,*y 
are contemporaneous deposits, Htill more should 
wo bo in error if wo supposed the upper bt*d at A 
to bo younger than the (iontnmation of the l(>w<*r 
bod at B’*; for A was depruted long ]>efore Bh 
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III fine, if, instead of comparing immediately 
adjacent parts of two beds, one of which lies upon 
another, we compare distant parts, it is quite 
possible that the upper may be any number of 
years older than the under, and the under any 
number of years younger than the upper. 

Now you must not suppose that I put this 
before you for the purpose of raising a paradoxical 
ilifficulty; the fact is, that the great mass of 
deposits liave taken place in sea-bottoms which 
are gradually sinking, and have been formed 
under the very conditions I am here supposing. 

Do not run away with the notion that this 
subverts the principle I laid down at first. The 
error lies in extending a principle which is per¬ 
fectly applicable to deposits in the same vertical 
Hue to deposits which are not in that relation to 
one another. 

It is in consequence of circumstances of this 
kind, and of others that I might mention to you, 
that our conclusions on and interpretations of the 
record are really and strictly only valid so long as 
we coniine ourselves to one vertical section. I do 
not mean to tell you that there are no qualifying 
circumstances, so that, even in very considerable 
areas, we may safely speak of conformably super¬ 
imposed bods being older or younger than others 
at many different points. But we can never be 
i|uite sure in coming to that conclusion, and 
especially we cannot be sure if there is any break 
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ill Uit‘ir coutiaxiiiy, or any vory gViiat 
boiwi^un the points to Ixj eoinjiariML 

Well now, so much for tlio nxionl ii.S(‘ir,-~so 
inucli for its iin])orfociions,—so mu<*.li for tin* (‘oa- 
(lltions to bo observed in interpreting it, and its 
chronological indications, the nionnait we pass 
beyond the limits of a vortical linear Hoction. 

Now let us pass froiii the n‘Cord to that svhi<*h it 
contains,—from the book itself to tin* writing and 
the figures on its jiages. This writing and these 
figures consist of remains of animals and jdants 
which, in the groat majority of ca,s<iH, have livt^l 
and died in the very spot in whieli we now Inal 
thinn, or at least in the imnusliab^ vicinity. 
must all of you bo aware—aud I nderreil to the 
fact in my last lecture—that there are vast 
manbiirs of creatures living at tln‘ bottom of the 
s<ia. Those enjatunss, like all ollnos. sooina* or 
later die, and their sholls and hard pa.rts lie at 
tlu^ bottom; an<l then the fine mud which is 
b(dng constantly brought down by vivovh and tin* 
action of the w(sir and tear of the stsa, ci^vers 
tlnmi over and pntoits them from a,ny further 
change or alteration ; aTul, of (jourse, as in pn»cess 
of time the mud bec<)nu*s har(h‘iH*d and Holidifieih 
the shells of those animals ar<} )>reHerved and 
firmly imbedded in the limi^stone or sandHtoiie 
which is being thus formed. You may see in the 
galleries of the Museum up stairs specimens of 
limestoneB in which such fossil remains of i^xisting 
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juiiiiiu].'; nn* Tln^iv an* spotiiinim 

ih whirli tuithv/ <‘i4L»s huxr in 

<*al<‘{»n*uu.s saiul. and hrfdn* thii Kun had hatched 
flit* ytnin^^ turthss, ilufy liceame severed over with 
t*ah*an*ous taud, and tliUK have heeii preserv(*d 
ami ius?4ilist*d. 

Not only dues this j>ru(*eKH of imbedding amv 
fussilisafiua ueearwilh marinu* and other aquatic 
animals and plaids, l)ut it affi*(ds those land 
animals and plants vvhhdi are drifted away to sea, 
or brt*ome Imrieti in bogs or morasses; and the 
animals whitth havt^ been trodden tlowu hy their 
telhnvs and crushed in ilui mud at iht^ river^s 
hunk, as the herd have* <.‘ome to drink. In any of 
these east*;;, the organisms may ht* (tusIusI or he 
mutilatt*tl, Ixdbrt* or aftta* putrtifactiuu, in smdi a 
manner that ju^rhaps only a pari will be hdl in 
the ftinn in whieh it n‘a<;h(‘s us. It Ls, ind(H*d, a 
most remarkablt* f{M‘t,thai it istpiitean (txmqitional 
<*ast‘ in find a skeh*fon of any tmt* of all the 
thousands ttf vvihl taml animals that vvtt kutav are 
<*unHiant!y being killed, t»r tlyhtg in UnMasirst* of 
nature: the) an* preyed on and lUwourcxl hy 
oilier animals, ur die in iJaees when* their Ixxlies 
are not. afterwards proieeti*d by mud. Thtiro are 
other animats existing on the stsi, tin*, shells of 
whteh form ex(*eedingly large, deposits. You are 
pn»hul*ly uwmv that bi*f<»n* the attempt waa nuule 
to lay the Atlant.ie teh‘grapliie. cabhs tlu^ Govorn- 
iui*ui employed vessels in making a series ot very 
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careful observations and souu<lings of tlo.* lH>tto!n 
of tlie Atlantic; and although, as wtj must all 
regret, that up to the present tim(3 that project lias 
not succeeded, wti have the satisfaction of knowing 
that it yielded some most remarkable n*sults to 
science. The Atlantic Ocean had to he stuiiid(*d 
rigid across, to depths of Sijveral miles in some 
places, and the nature of its bottom was <‘arefully 
ascertained. Well, now, a spaeii of ahont 
miles wide from east to west, an<l 1 do not <*xactly 
know how many from north to south, lait, at. any 
ratebOO or 700 miles, was cartdully e‘xamim‘(i, and 
it was found that over the whoh^. of that immense 
area nu excessively line (dialky mud is Inung 
deposited ; and this deposit is (uitirely mad(* uj) of 
animals whos<i hard jiarts an^ deposited in this 
]iart of the (Ktean, and arc doubth‘ss gradually 
aecpiiring soll<lity and he<*oniing metamorphosed 
into a chalky limestone. Thus, y<m sei‘, it is 
possible in this way to presifrve unmisiakabh? 
records of animal and vegetable lif<*. Whemwer 
the sea-hottom, by some of thosi* undulations (d* 
the earth's crust that I havc^ refernsl to, lie<u)meH 
up“h(iaved, and sections or borings are madi*, or 
pits are dug, then we become abh* to examine 
the contents and constituents of ilu‘se aueiemt sea- 
bottoms, and find out what maimer of animals 
lived at that porioil. 

Now it is a v(iry important consideration in its 
bearing on the (jompleteness of the reifonl, to 
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iiKjiiiro 1 m)W fur the remains conUiined in these 
fossiliferous linn‘.stones are able to convoy any¬ 
thing like an accurate or complete account of the 
aniiiails ■which were in existiuice at tlui time of its 
fornnition. Upon that point wo can form a very 
chsir jtKlgment, anti one in which tlierc is no 
possihlo, rotuu for any mistake. There are of 
cour.<<‘ a great numbt*r of animals—sueli as jclly- 
iislM‘S» ami otln*r animals—without any hard parts, 
of wliit'h we cannot nsisonably expect to lind any 
traces whatt*v<‘r: then^ is nothing of them to pre- 
servt^ Within a vt‘ry short time, you will have 
notitssl, afttu* tlM‘y arc rtcuoved from the water, 
they <h’y tip b) a mere nothing ; certaiidy th(‘y 
are not of a nature to leavti any very visibhi traces 
of their existence* on such bodies as chalk or mud. 
Thtm again, I(H>k at land animals; it is, as I liavc 
said, a very unctommon thing to find a land animal 
entire* aft('r death. Insects and other carnivorotis 
animals v<‘ry speedily pull thmu to pieces, putre- 
f;a*tiou fakt*s place, and so, out of tlu*. luuulrods of 
ihousainls that are known to die (W(*.ry ytuir, it is 
thif rarest thing in tlie world to sitc^ oiu^ imbe<l(led 
in su<‘h a way Uiat its nunains would b(*< preserved 
for a hmgihi‘m*<l pi-riod. Not only is this the 
cast*, but even wh(*u animal nmuiins have b<i<*u 
safely imbeilded,(certain natural agetits may wh(»lly 
destr<»y and remov<^ them. 

Almost all the hard parts of animals—the 
Ismes and m m - are composed ohiefiy of phosphate 
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of lime ainl oarbouato, of lime. Hoiiie yt^arri 
I bad to iiiaku no iin^uiry into tloi iinlnro of\somo 
very curious fossils 8(‘nt to ino from the North (d’ 
K<*()ikm(l lA)ssils nn* usually hard bony structures 
that have, bocoiiu* iudH‘dd<sl in the way i liavtMle- 
scrihed, and liave gradually ac(|uircd thtj naiun* and 
soli<lity of the i)ody with which they are asHo<uaU‘d ; 
hut ill this cas<^ [ had a .s(*rios fd’ hi/r.; in sons* 
|uc(*(‘S of rock, and nothing <*lsc. Those holes, 
howt‘V<*r, had a certain didlniie sha[)e about tliem, 
an<l when I got askilful workman to make eastings 
of tlu‘inbirior of tluisc holcjs, 1 found that they 
wert^ the impressions of the j<ants of a hm^kliono 
and of the armour of a gn‘a.t reptile, twelve or moro 
feet long. This great beast had dii‘il and got 
hurieii in tlie sand ; the. sand had gradually 
har<leiit‘d over the hou(*s, hut remained ptn*ous, 
Wai(T had trickled through it, and that walor 
h(‘ing probably eJiargt‘d with a supeiiluity of 
carbonic acid, had dissolveil all the plmspliate and 
(‘arhmmb* of lime, and the hom^s thomsolv«‘a had 
thus deeay<‘d a.n<l mdirely disa,ppeared ; hut a i 
the Bandstou(» happcuHnl to have (’ote;oliiluti'»l by 
that time, the preeisf*, siiape of flat Itones was 
ntlaimtd. If that sandstont* had nunained ,inft a 
little longer, Wit shoukl hav<* kmnvn n«dhing what 
soetver of th(‘ tcxisimiee of the reptile wIum*' hones 
it had (tnc,ns<*<h 

How<t<‘rtain it is tliata vast munh«T of animals 
'W'hich havt‘ existed at one period on this earth 
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liMve oidirely perishtid, avid left no trace whatever 
of their forms, may be proved to yon by other 
considerations. There are large tracts of sand- 
sionc in various parts of the world, in which 
nobody has yet found anything but footsteps. 
Not a bone of any description, but an enormous 
nurrtber uF traces of footsteps. There is no 
question about, them. There is a wdiole valley in 
(lonnectiinii covered with thesii footsteps, and not 
a singlt^ fragnumt of the animals which made 
tJaiu have yett heem found. Let me mention 
another case while upon that matter, whicli is 
evt‘n more surprising than those to which I have 
yet referred. There is a limestone formation near 
Oxford, at a phme called Btonesfiekl, which has 
ykddetl the remaiiiS of certain very interesting 
inamiimlian animals, ami up to this time, if I 
recollect riglitly, tlmre have boon found seven 
H|X!ciriKnm of its lower jaws, and not a bit of any- 
tiiiiig else, neither limbdiones nor skull, nor any 
pari whatever; noi» a fragment of the whole 
sysban! Of courstN it would 1 k^ preposterous to 
imagine tliai the beusts luul nothing elso but a 
lower jaw ! The probability is, as Dr. Buckland 
showeii as the result of his observations on dead 
tiogs in the river Thames, tliat tJn^ lower jaw, not 
lieiog BiHUired by very firm ligammits to the bones 
of the hemi, and being a weiglity affair, would 
eiiaity be knocktsi off, or iniglit drop away from 
the body as it floated in water in a state of de- 
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composition. The jaw would thus be deposited 
immediately, while the rest of the body would 
float and drift away altogether, ultimately reaching 
the sea, and perhaps becoming destroyed. The 
jaw becomes covered uj^and preserved in the river 
silt, and thus it comes that we have such a 
curious circumstance as that of the lower jaws in 
the Stonesfield slates. So that, you see, faulty as 
these layers of stone in the earth's crust are, 
defective as they necessarily are as a record, the 
account of contemporaneous vital phenomena 
presented by them is, by the necessity of iha case, 
infinitely more defective and fragmentary. 

It was necessary that I should put all this very 
strongly before you, because, otherwise, you might 
have been led to think differently of tlie com¬ 
pleteness of our knowledge by th(^ next facts I 
shall state to you. 

The researches of the last threo-fpiartors of a 
century have, in truth, rcvealiHl a womh^rful 
richness of organic life in those rocks. ()<‘rtainly 
not fewer than thirty or forty thousand diffenmt 
species of fossils have been discovercHl, You have 
no more ground for doubting tliat these creatures 
really lived and died at or near the places in 
which we find them than you have for lik (3 
scepticism about a shell on the sea-shoro. Tlui 
evidence is as good in the one case as in the other. 

Our next business is to look at the g(UK‘ral 
character of these fossil remains, and it is a iSubjcct 
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wliich will be requisite to consider carefully; and 
the first point for us is to examine how much the 
extinct Mora and Fauna as a whole —disregarding 
altogether the succession of their constituents, of 
which I shall speak afterwards—differ from the 
Flora find Fauna of the present day;—how far they 
differ in what we do know about them, leaving 
altogether out of consideration speculations based 
upon what we do not know. 

I strongly imagine that if it were not for the 
peculiar appearance that fossilised animals have, 
any of you might readily walk through a 
museum which contains fossil remains mixed up 
with those of the present forms of life, and I doubt 
very mucjh whether your uninstructed eyes would 
!ea<l you to see any vast or wonderful difference 
IndAVCsen the two. If you looked closely, you would 
notice, in the first place, a great many things very 
lik<j animals with which you are acquainted now; 
you would see differences of shape and proportion, 
but on the whole a close siiifiilarity. 

1 i»xplained what I meant by Orders the other 
tiay, wlum I described the animal kingdom as 
b(ung divided into sub-kingdoms, classes and 
orders. If you divide the animal kingdom into 
orders you will find that there are above one 
hundred and twenty* The number may vary on 
one siile or the other, but this is a fair estimate. 
That is the sum total of the orders of all the 
iinimals whi(di we know now, and which have 
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been known in past times, and left remains 
behind. 

Now, how many of those are absolutely extinct ? 
That is to say, how many of these orders of animals 
have lived at a former period of the world's history 
but have at present no representatives ? That is 
the sense in which I meant to use the word 
"'extinct.” I mean that those animals did live 
on this earth at one time, but have left no one 
of their kind with us at the present moment. 
So that estimating the number of extinct animals 
is a sort of way of comparing the past creation as 
a whole with the present as a whole. Among the 
mammalia and birds there are none extinct; but 
when we come to the reptiles there is a most 
wonderful thing: out of the eight orders, or 
thereabouts, which you can make among reptiles, 
one-half are extinct. These diagrams of the 
plesiosaurus, the ichthyosaurus, the pterodactyle, 
give you a notion of some of these extinct reptiles. 
And here is a cast of the pterodactyle and bones 
of the ichthyosaurus and the plesiosaurus, just as 
fresh-looking as if it had been recently dug up in a 
churchyard. Thus, in the reptile class, there are 
no less than half of the orders which are absolutely 
extinct. If we turn to the Amphibia, there was 
one extinct order, the Labyrinthodonts, typified 
by the large salamander-like beast shown in this 
diagram. 

No order, of fishes is known to be extinct. 
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Ev<‘ry fish that we find in the strata—to wMch I 
luivii Ixien referring—can be identified and placed 
in one of the orders which exist at the present day. 
There is not known to be a single ordinal form 
of insect extinct. There are only two orders 
extinct among the Crustacea, There is not known 
to hi‘, an extinct order of these creatures, the 
])arasi(ic and other worms ; but there arc two, not 
to say three, absolutely extinct orders of this 
(dass, the Echinodermata; out of all the orders of 
the Cmkmterata and Protozoa only one, the Eugose 
(Jonils. 

So that, you see, out of soniewhoi’e about 120 
<u’<hn*s of animals, taking them altogether, you 
will not, at the outside estimate, find above ten 
or a dozen extinct. Summing up all the order of 
animals which have left remains behind them, 
you will not find above ten or a dozen which 
cannot b(i arranged with those of the present day; 
that is to say, that the difiercnce does not amount 
to nmeh more than ten per cent.: and the 
proportion of extinct orders of plants is still 
smaller. I think that that is a very astounding 
a most astonishing fact: seeing the enormous 
epexihs of time wliich have elapsed during the 
constitution of the surfiico of the earth as it at 
present exists, it is, indeed, a most astounding 
thing tliat the proportion of extinct ordinal types 
should be so exceedingly small. 

But now, them is another point of view in which 

A A 2 
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we mush look at this past creation. Suppose that 
wc were to sink a vertical pit through the floor 
beneath us, and that I could succeed in making 
a section right through in the direction of New 
Zealand, I should find in each of the different 
beds through which I passed the remains of 
animals which I should find in that stratum and 
not in the others. First, I should come upon 
beds of gravel or drift containing the bones of 
large animals, such as the elephant, rhinoceros, 
and cave tiger. Rather curious things to fall 
across in Piccadilly I If I should dig lower still, 
I should come upon a bed of what we call the 
London clay, and in this, as you will see in 
our galleries up stairs, arc found remains of 
strange cattle, remains of turtles, palms, and large 
tropical fruits; with shell-fish such as you see the 
like of now only in tropical regions. If I went 
below that, I should come upon the chalk, and 
there I should find something altogether different, 
the remains of ichthyosauria and pterodactyles, 
and ammonites, and so forth. 

I do not know what Mr. Godwin Austin would 
say comes next, but probably rocks containing 
more ammonites, and more ichthyosauria and 
plesiosauria, with a vast number of other things; 
and under that I should meet with yet older 
rocks containing numbers of strange shells and 
fishes ; and in thus passing from the surface to the 
lowest depths of the earth's crust, tlie forms of 
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animal life and vegetable life whicli I should meet 
with in the successive beds would, looking at them 
broadly, be the more different the further that T 
went down. Or, in other words, inasmuch as W(j 
started with the clear j3rincipIo, that in a series of 
naturally-disposed mud beds the lowest are tlui 
oldest, we should come to this result, that the 
farther Ave go back in time the more difference 
exists between tlio animal and vegetable lif(‘ of 
an epoch and that which noAV exists. Tliat was 
the conclusion to which I Avished to bring you at 
the end of this lecture. 
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THE METHOD BY WHICH THE CAUSES OF THE 
PRESENT AND PAST CONDITIONS OF ORGANIC 
NATURE ARE TO BE DISCOVERED.—THE 
ORIGINATION OF LIVING BEINGS. 

In the two preceding lectures I have endeavoured 
to indicate to you the extent of the subject-matter 
of the inquiry upon which we are engaged; and 
having thus acquired some conception of the past 
and present phenomena of organic nature, I must 
now turn to that which constitutes the great prob¬ 
lem which wo have sot before ourselves;—I moan, 
the question of what knowledge wc have of the 
causes of these phenomena of organic nature, and 
how such knowledge is obtainable. 

Here, on the threshold of the inquiry, an 
objection meets us. There are in the world a 
number of extremely worthy, well-meaning 
persons, whose judgments and opinions are 
entitled to the utmost respect on account of 
their sincerity, who are of opinion that vital 
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phenol Qcna, and cajiccially all questions relating 
to the origin of vital phenomena, are questions 
fluito apart from the ordinary run of inquiry, and 
are, by tlieir very nature, placed out of our reach. 
They say that all these Y^henomona originated 
miraculously, or in some way totally different from 
the ordinary course of nature, and that tliereforo 
they conceive it to be futile, not to say pre¬ 
sumptuous, to attempt to iiKpiire into them. 

To sucli sincere and earnost persons, I would 
only say, that a {picstiou of tliis kind is not to be 
shelved upeii thoon‘-tical or speculative grounds. 
You may reimunber the story of the Sophist who 
(lf‘iuonsirat(‘d to Diogenes in the most complete 
find sa.tisfaciory manner that ho could not walk ; 
that, in fact, all motion was an impossibility; and 
iliat DiogcuK^s refuted him by sinqJy getting up 
and walking round his tub. So, in the same way, 
tlu‘. man of s<‘Jenc('. replies to objections of this 
kind, hy siin])ly g<‘iting up and walking onward, 
and sh(H\dng wliat scueiuie has done and is doing 
—hy pointing U) that immense mass of facts 
which hav(j been ascertained as systematised 
under the forms of tlie great doctrines of morpho- 
logy, of (hiV(dopm(mt, of distribution, and the 
lik(\ I To s(His an enormous mass of facts and laws 
relating to organic beings, wliich stand on tho 
sann^ good sound foundation as every other natural 
law. With this mass of facts and laws before us, 
theri?foro, seeing that, as far as organic matters 
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have hitherto been accessible and studied, they 
have shown themselves capable of yielding to 
scientific investigation, we may accept this as 
proof that order and law reign there as well as 
in the rest of Nature. The man of science says 
nothing to objectors of this sort, but supposes 
that we can and shall walk to a knowledge of the 
origin of organic nature, in the same way that we 
have walked to a knowledge of the laws and 
principles of the inorganic world. 

But there are objectors who say the same from 
ignorance and ill-will. To such I would reply 
that the objection comes ill from them, and that 
the real presumption, I may almost say the real 
blasphemy, in this matter, is in the attempt to 
limit that inquiry into the causes of phenomena, 
which is the source of all human blessings, and 
from which has sprung ail human prosperity and 
progress; for, after all, we can accomplish com¬ 
paratively little; the limited range of our own 
faculties bounds us on every side,—the field of 
our powers of observation is small enough, and 
he who endeavours to narrow the sphere of our 
inquiries is only pursuing a course that is likely 
to produce the greatest liarm to his fellow- 
men. 

But now, assuming, as we all do, I hope, that 
these phenomena are properly accessible to inquiry^ 
and setting out upon our search into the causes 
of the phenomena of organic nature, or at any 
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rate, setting out to discover how much wc at 
present know upon these abstruse matters, the 
epestion arises as to what is to be our course of 
proceeding, and what method we must lay down 
for our guidance. I reply to that question, that 
our method must be exactly the same as that which 
is pursued in any other scientific inquiry, the 
method of scientific investigation being the same 
for all orders of facts and phenomena whatsoever. 

I must dwell a little on this point, for I wish you 
to leave this room with a very clear conviction that 
scientific investigation is not, as many people seem 
to suppose, some kind of modern black art. I say 
that you might easily gather this impression from 
the manner in which many persons speak of 
scientific inquiry, or talk about inductive and 
deductive philosophy, or the principles of the 

Baconian philosophy.” I do protest that, of the 
vast number of cants in this world, there arc 
none, to my mind, so contemptible as the pseudo¬ 
scientific cant which is talked about the Baconian 
philosophy.” 

To hear people talk about the groat Chancellor 
—and a very great man he certainly was,—you 
would think that it was ho who had invented 
scionco, and tliat there was no such thing as 
sound reasoning before the time of Queen 
Elimbethl Of course you say, that cannot 
possibly be true; you perceive, on a moment’s 
reflection, that such an idea is absurdly wrong. 
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and yet, so firmly rooted is this sort of impression, 
—I cannot call it an idea, or conception,—the 
thing is too absurd to be entertained,—but so 
completely does it exist at the bottom of most 
men’s minds, that this has been a matter of ob¬ 
servation with me for many years past. There 
are many men who, though knowing absolutely 
nothing of the subject with which they may be 
dealing, 'vvish, nevertheless, to damage the author 
of some view with which they think fit to disagree. 
What they do, then, is not to go and learn some¬ 
thing about the subject, which one would naturally 
think the best way of fairly dealing with it; but 
they abuse the originator of the view they ques¬ 
tion, in a general manner, and wind up by saying 
that, After all, you know, the principles and 
method of this author are totally opposed to the 
canons of the Baconian philosophy.” Then every¬ 
body applauds, as a matter of course, and agrees 
that it must be so. But if you were to stop them 
all in the middle of their applause, you would 
probably find that neither the speaker nor his 
applauders could tell you how or in what way it 
was so; neither the one nor the other having the 
slightest idea of what they mean when they speak 
of the “ Baconian philosophy.” 

Toil will understand, I hope, that I have not 
the slightest desire to join in the outcry against 
either the morals, the intellect, or the great genius 
of Lord Chancellor Bacon. He was undoubtedly 



XI 


PHENOMENA OF ORGANIC NATURE 363 


a very great man, let people say what they will of 
him; but notwithstanding all that he did for 
philosophy, it would be entirely wrong to suppose 
that the methods of modern scientific inquiry 
originated witli him, or with his age; they origin¬ 
ated with the first man, whoever he was; and 
indeed existed long before him, for many of the 
essential processes of I'easoning are exerted by the 
higher order of brutes as completely and effectively 
as by ourselves. We see in many of the brute 
creation the exercise of one, at least, of the same 
powers of reasoning as that whicli we ourselves 
employ. 

The method of scientific investigation is nothing 
bub the expression of the necessary mode of work¬ 
ing of the human mind. It is simply the mode 
at which all phenomena are reasoned about, ren¬ 
dered precise and exact. There is no more differ¬ 
ence, but there is just the same kind of difference, 
between the mental operations of a man of science 
and those of an ordinary person, as there is between 
the operations and methods of a baker or of a 
butcher weighing out his goods in common scales, 
and the operations of a chemist in performing a 
difficult and complex analysis by means of his 
balance and finely-graduated weights. It is not 
tliat the action of the scales in the one case, and 
the balance in the other, differ in the principles of 
their construction or manner of working; but the 
beam of one is set on an infinitely finer axis than 



364 


THE CAUSES OF THE 


XI 


the other, and of course turns by the addition of 
a much smaller weight. 

You will understand this better, perhaps, if I 
give you some familiar example. You have all 
heard it repeated, I dare say, that men of science 
work by means of induction and deduction, and 
that by the help of these operations, they, in a sort 
of sense, wring from Nature certain other things, 
which are called natural laws, and causes, and 
that out of these, by some cunning skill of their 
own, they build up hypotheses and theories. 
And it is imagined by many, that the operations 
of the common mind can be by no means com¬ 
pared with these processes, and that they have to 
be acquired by a sort of special apprenticeship to 
the craft. To hear all these large words, you 
would think that the mind of a man of science 
must be constituted differently from that of his 
fellow men ; but if you will not be frightened by 
terms, you will discover that you are quite wrong, 
and that all these terrible apparatus are being 
used by yourselves every day and every hour of 
your lives. 

There is a well-known incident in one of 
Moliere’s plays, where the author makes the hero 
express unbounded delight on being told that he 
had been talking prose during the whole of his 
life. In the same way, I trust, that you will take 
comfort, and be delighted with yourselves, on the 
discovery that you have been acting on the prin- 
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ciplos of inductive and deductive pliilosopliy dur¬ 
ing the same period. Probably there is not one 
here who has not in the course of the day had 
occasion to set in motion a complex train of reason¬ 
ing, of the very same kind, though differing of 
course in degree, as that which a scientific man 
goes through in tracing the causes of natural 
phenomena. 

A very trivial circumstance will serve to ex¬ 
emplify this. Suppose you go into a fruiterer s 
shop, wanting an apple,—you take up one, and, 
on biting it, you find it is sour; you look at it, 
and see that it is hard and green. You take 
up another one, and that too is hard, green, 
and sour. The shopman offers you a third; 
but, before biting it, you examine it, and find 
that it is hard and green, and you immediately 
say that you will not have it, as it must 
be sour, like those that you have already 
tried. 

Nothing can be more simple than that, you 
think; but if you will take the trouble to analyse 
and trace out into its logical elements what has 
been done by the mind, you will be greatly sur¬ 
prised. In the first place, you have performed 
the operation cf induction. You found that, in 
two experiences, hardness and greenness in apples 
went together with sourness. It was so in the 
first case, and it was confirmed by the second. 
True, it is a very small basis, but still it is enough 
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to make an induction from; you generalise the 
facts, and you expect to find sourness in apples 
where you get hardness and greenness. You found 
upon that a general law, that all hard and green 
apples are sour; and that, so far as it goes, is a 
perfect induction. Well, having got your natural 
law in this way, when you are offered another 
apple which you find is hard and green, you say, 
“ All hard and green apples are sour; this apple 
is hard and green, therefore this apple is sour.” 
That train of reasoning is what logicians call a 
syllogism, and has all its various parts and terms, 
—^its major premiss, its minor premiss, and its 
conclusion. And, by the help of further reason¬ 
ing, which, if drawn out, would have to be exhibited 
in two or three other syllogisms, you arrive at your 
final determination, “ I will not have that apple.” 
So that, you see, you have, in the first place, 
established a law by induction, and upon that you 
have founded a deduction, and reasoned out the 
special conclusion of the particular case. Well 
now, suppose, having got your law, that at some 
time afterwards, you are discussing the qualities 
of apples with a friend: you will say to him, “ It is 
a very curious thing,—but I find that all hard and 
green apples are sour! ” Your friend says to you, 
But how do you know that ? ” You at once 
reply, ‘‘ Oh, because I have tried them over and 
over again, and have always found them to be so.” 
Well, if we were talking science instead of common 
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sense, we should call that an experimental verifica¬ 
tion, And, if still opposed, you go further, and 
say, I have heard from the people in Somerset¬ 
shire and Devonshire, where a large number of 
apples are grown, that they have observed the 
same thing. It is also found to be the case in 
Normandy, and in North America. In short, I 
find it to be the universal experience of mankind 
wherever attention has been directed to the sub¬ 
ject.’' Whereupon, your friend, unless he is a 
very unreasonable man, agrees with you, and is 
convinced that you are quite right in the conclu¬ 
sion you have drawn. He believes, although per¬ 
haps he does not know he believes it, that the 
more extensive verifications are,—that the more 
frequently experiments have been made, and re¬ 
sults of the same kind arrived at,—^that the more 
varied the conditions under which the same results 
are attained, the more certain is the ultimate con¬ 
clusion, and he disputes the question no further. 
He sees that the experiment has been tried under 
all sorts of conditions, as to time, place, and people, 
with the same result; and he says with you, 
therefore, that the law you have laid down must 
be a good one, and he must believe it. 

In science we do the same thing;—the philo¬ 
sopher exercises precisely the same faculties, 
though in a much more delicate rnann^. In 
scientific inquiry it becomes a matter of duty to 
expose a supposed law to every possible kind of 
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verification, and to take care, moreover, that this 
is done intentionally, and not left to a mere acci¬ 
dent, as in the case of the apples. And in science, 
as in common life, onr confidence in a law is in 
exact proportion to the absence of variation in 
the result of our experimental verifications. For 
instance, if you let go your grasp of an article 
you may have in your hand, it will immediately 
fall to the ground. That is a very common veri¬ 
fication of one of the best established laws of 
nature—^that of gi'avitation. The method by 
which men of science establish the existence of 
that law is exactly the same as that by which we 
have established the trivial proposition about the 
sourness of hard and green apples. But we believe 
it in such an extensive, thorough, and unhesitat¬ 
ing manner because the universal experience of 
mankind verifies it, and we can verify it ourselves 
at any time; and that is the strongest possible 
foundation on which any natural law can rest. 

So much, then, by way of proof that the method 
of establishing laws in science is exactly the same 
as that pursued in common life. Let us now turn 
to another matter (though really it is but another 
phase of the same question), and that is, the 
method by which, from the relations of certain 
phenomena, we prove that some stand in the posi¬ 
tion of causes towards the others. 

I want to put the case clearly before you, and I 
will therefore show you what I mean by another 
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familiar example. I will sujipose that one of you, 
on coming down in the morning to the parlour of 
your house, finds that a tea-pot and some spoons 
which had been left in the room on the previous 
evening are gone,—the window is open, and you 
observe the mark of a dirty hand on the window- 
frame, and perhaps, in addition to that, you notice 
the impress of a hob-nailed shoe on the gravel 
outside. All these phenomena have struck your 
attention instantly, and before two seconds have 
passed you say, Oh, somebody has broken open 
the window, entered the room, and run off with 
the spoons and the tea-pot! ” That speech is out 
of your mouth in a moment. And you will prob¬ 
ably add, I know there has ; I am quite sure of 
it!You mean to say exactly what you know; 
but in reality you are giving expression to what 
is, in all essential particulars, an hypothesis. 
You do not hnow it at all; it is nothing but an 
hypothesis rapidly framed in your own mind. And 
it is an hypothesis founded on a long train of in¬ 
ductions and deductions. 

What are those inductions and deductions, and 
how have you got at this hypothesis ? You have 
observed, in the first place, that the window is 
open; but by a train of reasoning involving many 
inductions and deductions, you have probably 
arrived long before at the general law—and a 
very good one it is—^that windows do not open of 
themselves; and you therefore conclude that 

VOL. n B B 
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something has opened the window. A second 
general law that yon have arrived at in the same 
way is, that toa-pots and spoons do not go out of 
a window spontaneously, and you are satisfied that, 
as they are not now where you left them, they 
have been removed. In the third place, you look 
at the marks on the window-sill, and the shoe- 
marks outside, and you say that in all previous 
experience the former kind of mark has never 
been produced by anything else but the hand of a 
human being; and the same experience shows that 
no other animal but man at present wears shoes 
with hob-nails in them such as would produce the 
marks in the gravel. I do not know, even if we 
could discover any of those '' missing links ” that 
are talked about, that they would help us to any 
other conclusion ! At any rate the law which 
states our present experience is strong enough for 
my present purpose. You next reach the con¬ 
clusion, that as these kinds of marks have not been 
left by any other animals than men, or are liable 
to be formed in any other way than by a man's 
hand and shoe, the marks in question have been 
formed by a man in that way. You have, further, 
a general law, founded on observation and experi¬ 
ence, and that, too, is, I am sorry to say, a very 
universal and unimpeachable one,—^that some men 
are thieves; and you assume at once from all these 
premisses—and that is what constitutes your 
hypothesis—that the man who made the marks 
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outside and on the window-sill, opened the window, 
got into the room, and stole your tea-pot and 
spoons. You have now arrived at a mra cauBcu; 
—you have assumed a cause which, it is plain, is 
competent to produce all the phenomena you have 
observed. You can explain all these phenomena 
only by the hypothesis of a thief. But that is a 
hypothetical conclusion, of the justice of which 
you have no absolute proof at all; it is only 
rendered highly probable by a series of inductive 
and deductive reasonings. 

I suppose your first action, assuming that you 
are a man of ordinary common sense, and that 
you have established this hypothesis to your own 
satisfaction, will very likely bo to go off for the 
police, and set them on the track of the burglar, 
with the view to the recovery of your property. 
But just as you are starting with this object, some 
])erson comes in, and on learning what you are 
about, says, “ My good friend, you are going on a 
great deal too fast. How do you know that the 
man who really made the marks took the spoons ? 
It might have been a monkey that took them, and 
the man may have merely looked in afterwards.'' 
You would probably reply, Well, that is all very 
well, but you see it is contrary to all experience 
of the way tea-pots and spoons are abstracted; so 
that, at any rate, your hypothesis is less probable 
than mine." While you are talking the thing 
over in this way, another friend arrives, one of 
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that good kind of people that I was talking of a 
little while ago. And he might say,'' Oh, my dear 
sir, you are certainly going on a great deal too 
fast. You are most presumptuous. You admit 
that all these occurrences took place when you 
were fast asleep, at a time when you could not 
possibly have known anything about what was 
taking place. How do you know that the laws of 
Nature are not suspended during the night ? It 
may be that there has been some kind of super¬ 
natural interference in this case.” In point of 
fact, he declares that your hypothesis is one of 
which you cannot at all demonstrate the truth, 
and that you are by no means sure that the laws 
of Nature are the same when you are asleep as 
when you are awake. 

Well, now, you cannot at the moment answer 
that kind of reasoning. You feel that your worthy 
friend has you somewhat at a disadvantage. You 
will feel perfectly convinced in your own mind, 
however, that you are quite right, and you say to 
him, ** My good friend, I can only be guided by 
the natural probabilities of the case, and if you 
will be kind enough to stand aside and permit me 
to pass, I will go and fetch the police.” Well, we 
will suppose that your journey is successful, and 
that by good luck you meet with a policeman; 
that eventually the burglar is found with your 
property on his person, and the marks correspond 
to his hand and to his boots. Probably any jury 
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would consider those facts a very good experimental 
verification of your hypothesis, touching the cause 
of the abnormal phenomena observed in your 
parlour, and would act accordingly. 

Now, in this suppositious case, I have taken 
phenomena of a very common kind, in order that 
you might see what are the different steps in an 
ordinary process of reasoning, if you will only take 
the trouble to analyse it carefully. All the opera¬ 
tions I have described, you will see, arc involved 
in the mind of any man of sense in leading him 
to a conclusion as to the course he should take in 
order to make good a robbery and punish the 
oircnder. I say that you are led, in that case, to 
your conclusion by exactly the same train of 
reasoning as that which a man of science pursues 
when ho is endeavouring to discover the origin and 
laws of the most occult phenomena. The process 
is, and always must be, the same; and precisely 
thtj same mode of reasoning was employed by 
Newton and Laplace in their endeavours to dis¬ 
cover and define the causes of the movements of 
the heavenly bodies, as you, with your own common 
sense, would employ to detect a burglar. The 
only difference is, that the nature of the inquiry 
being more abstruse, every step has to be most 
carefully watched, so that there may not he a 
single crack or flaw in your hypothesis. A 
ilaw or crack in many of the liypotheses of 
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daily life may be of little or no moment as 
affecting the general correctness of tbe conclusions 
at which we may arrive; but. in a scientific in¬ 
quiry, a fallacy, great or small, is always of im¬ 
portance, and is sure to be in the long run 
constantly productive of mischievous, if not fatal 
results. 

Do not allow yourselves to be misled by the 
common notion that an hypothesis is untrustworthy 
simply because it is an hypothesis. It is often 
urged, in respect to some scientific conclusion, 
that, after all, it is only an hypothesis. But what 
more have we to guide us in nine-tenths of the 
most important affairs of daily life than hypotheses, 
and often very ill-based ones ? So that in science, 
where the evidence of an hypothesis is subjected 
to the most rigid examination, we may rightly 
pursue the same course. You may have hypo¬ 
theses and hypotheses. A man may say, if he 
likes, that the moon is made of green cheese: 
that is an hypothesis. But another man, who has 
devoted a great deal of time and attention to the 
subject, and availed himself of the most powerful 
telescopes and the results of the observations of 
others, declares that in his opinion it is probably 
composed of materials very similar to those of 
which our own earth is made up: and that is also 
only an hypothesis. But I need not tell you that 
there is an enormous difference in the value of the 
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two hypotheses. That one which is based on 
sound scientific knowledge is sure to have a corre¬ 
sponding value; and that which is a mere hasty 
random guess is likely to have but little value. 
Every great step in our progress in discovering 
causes has been made in exactly the same way as 
that which I have detailed to you. A person 
observing the occurrence of certain facts and 
phenomena asks, naturally enough, what process, 
what kind of operation known to occur in Nature 
applied to the particular case, will unravel and 
explain the mystery ? Hence you have the 
scientific hypothesis; and its value will be pro¬ 
portionate to the care and completeness with which 
its basis had been tested and verified. It is in 
these matters as in the commonest affairs of prac¬ 
tical life: the guess of the fool will bo folly, while 
the guess of the wise man will contain wisdom. 
In all cases, you see that the value of the result 
depends on the patience and faithfulness with 
which the investigator applies to his hypothesis 
every possible kind of verification. 

I dare say I may have to return to this point 
by and by; but having dealt thus far with our 
logical methods, I must now turn to something 
which, perhaps, you may consider more interesting, 
or, at any rate, more tangible. But in reality 
there are but few things that can be more import¬ 
ant for you to understand than the mental pro¬ 
cesses and the moans by which we obtain scientific 
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conclusions and theories.^ Having granted that 
the inquiry is a proper one, and having determined 
on the nature of the methods we are to pursue 
and which only can lead to success, I must now 
turn to the consideration of our knowledge of the 
nature of the processes which have resulted in the 
present condition of organic nature. 

Here, let me say at once, lest some of you mis¬ 
understand me, that I have extremely little to 
report. The question of how the present condition 
of organic nature came about, resolves itself into 
two questions. The first is: How has organic or 
living matter commenced its existence ? And the 
second is: How has it been perpetuated ? On the 
second question I shall have more to say hereafter. 
But on the first one, what I now have to say will 
be for the most part of a negative character. 

If you consider what kind of evidence we can 
have upon this matter, it will resolve itself into 
two kinds. We may have historical evidence and we 
may have experimental evidence. It is, for example, 
conceivable, that inasmuch as the hardened mud 
■which forms a considerable portion of the thick¬ 
ness of the earth’s crust contains faithful records 
of the past fornrs of life, and inasmuch as these 
differ more and more as we go further down,—it 
is possible and conceivable that we might come to 

* Those wlio wish to study fully the doctrines of which I 
feve endeavoured to give some rough-and-ready illustrations, 
must read Mr. John Stuart MilTs System of Logie, 
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some particular bed or stratum which should con¬ 
tain the< remains of those creatures with which 
organic life began upon the earth. And if we did 
so, and if such forms of organic life were pre- 
servable, we should have what I would call his¬ 
torical evidence of the mode in which organic life 
began upon this planet. Many persons will tell 
you, and indeed you will find it stated in many 
works on geology, that this lias been done, and 
that we really possess such a record; there are 
some who imagine that the earliest forms of life 
of which wo have as yet discovered any record, are 
in truth the forms in which animal life began upon 
th(‘, globe. The grounds on which they base that 
supposition are these:—That if you go through 
ilm <mormous thickness of the earth's crust and 
got <Iown to the older rocks, the higher vertebrate 
animals—the (piadrupods, birds, and fishes—cease 
to bo found; beneath them you find only the in- 
vort,ehrato animals; and in the deepest and lowest 
rot'.ks those romains become scantier and scantier, 
not in any very gradual progression, however, 
until, at hmgth, in what are supposed to he the 
oldest rocks, the animal remains which are found 
are almostalways confined tofourforms— Oldhamia, 
whose precise nature is not known, whether plant 
or animal j TAujjulcc, a kind of mollusc j TTildbitcSf 
a. (Tust(w?(‘an animal, having the same essential 
plan of construction, though differing in many 
details from a lobster or crab; and Hymmocari% 
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wlxicli is also a crustacean. So that you have all 
the Fauna reduced, at this period, to four forms : 
one a kind of animal or plant that we know no¬ 
thing about, and three undoubted animals—two 
crustaceans and one mollusc. 

I think, considering the organisation of those 
mollusca and Crustacea, and looking at their very 
complex nature, that it does indeed require a very 
strong imagination to conceive that these were the 
first created of all living things. And you must 
take into consideration the fact that we have not 
the slightest proof that these which we call the 
oldest beds are really so : I repeat, we have not 
the slightest proof of it. When you find in some 
places that in an enormous thickness of rocks 
there are but very scanty traces of life, or abso¬ 
lutely none at all; and that in other parts of the 
world rocks of the very same formation avo 
crowded with the records of living forms, I think 
it is impossible to place any reliance on the sup¬ 
position, or to feel one's self justified in supposing 
that these arc the forms in which life first com¬ 
menced. I have not time here to enter upon the 
technical grounds upon which I am led to this 
conclusion,—that could hardly be done properly 
in half a dozen lectures on that part alone:—I 
must content myself with saying that I do not 
at all believe that these are the oldest forms 
of life. 

I turn to the cxperimoutal side to see what 
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evidence we have there. To enable ns to say that 
we know anything about the experimental origin¬ 
ation of organisation and life, the investigator 
ought to be able to take inorganic matters, such 
as carbonic acid, ammonia, water, and salines, in 
any sort of inorganic combination, and be able to ■ 
build them up into protein matter, and then that ■ 
protein matter ought to begin to live in an ; 
organic form. That, nobody has done as yet, and 
I suspect it will be a long while before anybody 
does do it. But the thing is by no means so 
impossible as it looks; for the researches of modern 
chemistry have shown us—I won’t say the road 
towards it, but, if I may so say, they have shown 
the finger-post pointing to the road that may lead 
to it. 

It is not many years ago—and you must recol- ; 
lect that Organic Chemistry is a young science, 
not above a couple of generations old, you must 
not expect too much of it,^—it is not many years j 
ago since it was said to be perfectly impossible to j 
fabricate any organic compound; that is to say, 
any non-mineral compound which is to be found 
in an organised being. It remained so for a very 
long period; but it is now a considerable number ; 
of years since a distinguished foreign chemist con¬ 
trived to fabricate urea, a substance of a very 
complex character, which forms one of the waste 
products of animal structures. And of late years ^ 
a number of other compounds, such as butyric | 

♦ li 
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acid, and others, have been added to the list. I 
need not tell you that chemistry is a,n enormous 
distance from the goal I indicate; all I wish to 
point out to you is, that it is by no means safe 
to say that that goal may not bo I'cachcd one 
day. It may bo that it is impossible for us 
to produce the conditions rG(pxisito to the origina¬ 
tion of life; but wo must speak modestly about 
the inattor, and recollect that Science lias put lier 
foot upon the bi^ttom round of the lad<lcr. Truly 
lie would bo a bold man who would venture to 
predict where she will be fifty years lumco. 

There is another inquiry whicli beai'S indin‘ctly 
upon this question, and upon which I must say a 
few words. You arc all of you aware of tlie 
phenomena of what is called spontaiuKius genera¬ 
tion. Our forefathers, down to the scivcnttMiiiih 
century, or thcreahouts, all imagined, in )>(*rfoctly 
good faith, that certain vegetable and animal 
forms gave birth, in the process of their decom¬ 
position, to insect life. Tims, if you put a piece 
of meat in the sun, and allowed it to putrefy, they 
conceived that the grubs which soon began t.o 
appear were the result of the action of a power of 
spontaneous generation which the meat contained 
And they could give you receipts for making 
various animal and vegetable propai^ations whi(*Ii 
would produce particular kinds of animals. A 
very distinguished Italian naturalist, named liedi, 
took up the question, at a time when everybody 
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believed in it; among others our own great Harvey, 
the discoverer of the circulation of the blood. 
You will constantly find his name quoted, how¬ 
ever, as an opponent of the doctrine of spontaneous 
generation; but the fact is, and you will see it if 
you will take the trouble to look into his woi'ks, 
Harvey believed it as profoundly as any man of 
his time; but he happened to enunciate a very 
curious proposition—^that every living thing came 
from an &gg; he did not mean to use the word in 
the sense in which we now employ it, he only 
meant to say that every living thing originated in 
a little rounded particle of organised substance; 
and" it is from this circumstance, probably, that 
the notion of Harvey having opposed the doctrine 
originated. Then came Eedi, and he proceeded 
to upset the doctrine in a very simple maiiner. 
He merely covered the piece of meat with some 
very fine gauze, and then he exposed it to the 
same conditions. The result of this was that no 
grubs or insects were produced; be proved that 
the grubs originated from the insects who came 
and deposited their eggs in the meat, and that 
they were hatched by the heat of the sun. By 
this kind of inquiry he thoroughly upset the 
doctrine of spontaneous generation, for his time 
at least. 

Then came the discovery and application of the 
microscope to scientific inquiries, which showed to 
naturalists that besides the organisms which they 
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already knew as living beings and plants, there 
were an immense number of minute tilings wliich 
could be obtained apparently almost at will from 
decaying vegetable and animal forms. Thus, if 
you took some ordinary black pepper or some hay^ 
and steeped it in water, you would find in the course 
of a few days that the water had become inijm^g- 
nated with an immense number of animalcules 
swimming about in all directions. From facts of 
this kind naturalists were led to revive the theory 
of spontaneous generation. They were headed 
here by an English naturalist,—Needham,—and 
afterwards in France by the learned Buffon. They 
said that these things were absolutely begotten 
in the water of the decaying substances out of 
which the infusion was made. It did not matter 
whether you took animal or vegetable matter, you 
had only to steep it in water and expose it, and 
you would soon have plenty of animalcules. They 
made an hypothesis about this which was a very 
fair one. They said, this matter of the animal 
world, or of the higher plants, appears to be dead, 
but in reality it has a sort of dim life about it, 
which, if it is placed under fair conditions, will 
cause it to break up into the forms of those little 
animalcules, and they will go through their lives 
in the same way as the animal or plant of whicli 
they once formed a part. 

The question now became voiy liotly debated. 
Spallanzani, an Italian naturalist, took up opposite 
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views to those of Needham and Bnffon, and by- 
means of certain experiments he showed that it 
was quite possible to stop the process by boiling 
the water, and closing the vessel in which it was 
contained. ‘'Oh 1” said his opponents; " but what 
do you know you may be doing when you heat the 
air over the water in this way ? You may be de¬ 
stroying some property of the air requisite for the 
spontaneous generation of the animalcules.’' 

However, Spallanzani's views were supposed to 
be upon the right side, and those of the others fell 
into discredit; although the fact was that Spallan¬ 
zani had not made good his views. Well, then, 
the subject continued to be revived from time to 
time, and experiments were made by several per¬ 
sons ; but these experiments were not altogether 
satisfactory. It was found that if you put an in¬ 
fusion in which animalcules would appear if it were 
exposed to the air into a vessel and boiled it, and 
then sealed up the mouth of the vessel, so that no 
air, save such as had been heated to 212°, could 
reach its contents, that then no animalcules would 
be found ; but if you took the same vessel and ex¬ 
posed the infusion to the air, then you would get 
animalcules. Furthermore, it was found that if 
you connected the mouth of the vessel with a red- 
hot tube in such a way that the air would have to 
pass through the tube before reaching the infusidh, 
that then you would get no aninialcules. Yet 
another thing was noticed : if you took two flasks 
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containing the same kind of infusion, and left one 
entirely exposed to the air, and in the mouth of 
the other placed a ball of cotton wool, so that tlie 
air would have to filter itself through it before 
reaching the infusion, that then, although you 
might have plenty of animalcules in the first flask, 
you would certainly obtain none from the second. 

These experiments, you see, all tended towards 
one conclusion—that the infusoria were developed 
from little minute spores or eggs which were con¬ 
stantly floating in the atmosphere, and which lose 
their power of germination if subjected to heat. 
But one observer now made another experiment, 
which seemed to go entirely the other way, and 
puzzled him altogether. He took some of this 
boiled infusion that I have been speaking of, and 
by the use of a mercurial bath—a kind of trough 
used in laboratories—ho deftly inverted a vessel 
containing the infusion into the mercury, so that 
the latter reached a little beyond the level of the 
mouth of the inverted vessel. You sec that he 
thus had a quantity of the infusion shut off from 
any possible communication with the outer air by 
being inverted upon a bed of mercury. 

He then prepared some pure oxygen and nitro¬ 
gen gases, and passed them by means of a tube 
going from the outside of the vessel, up through 
the mercury into the infusion; so that he thus 
had it exposed to a perfectly pure atmosphere of 
the same constituents as the external air. Of 
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course, he expected he would get no infusorial ; 
animalcules at all in that infusion; but, to his 
great dismay and discomfiture, he found he almost 
always did get them. 

Furthermore, it has been found that experi-; 
ments made in the manner described above answer | 
well with most infusions; but that if you fill the ^ 
vessel with boiled milk, and then stop the neck ^ 
with cotton-wool, you will have infusoria. So that 
you see there were two experiments that brought 
you to one kind of conclusion, and three to an¬ 
other ; which was a most unsatisfactory state of 
things to arrive at in a scientific inquiry. 

Some few years after this, the question began 
to be very hotly discussed in France, There was 
M. Pouchet, a professor at Rouen, a very learned j 
man, but certainly not a very rigid experimental-] 
ist. He published a number of experiments of his ? 
own, some of which were very ingenious, to showj 
that if you went to work in a proper way, there| 
was a truth in the doctrine of spontaneous genera-f 
tion. Well, it was one of the most fortunate things f 
in the world that M. Pouchet took up this question,! 
because it induced a distinguished French chemist,j 
M. Pasteur, to take up the question on the other^ 
side; and he has certainly worked it out in the 
most perfect manner. I am glad to say, too, that 
he has published his researches in time to enable 
me to give you an account of them. He verified s 
all the experiments which I have just mentioned! 

VOL, n 0 0 \ 
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to you—and then finding those extraordinary 
anomalies, as in the case of the mcrcuiy bath and 
the milk, he set himself to work to discover their 
nature. In the case of milk ho found it to bo a 
question of temperature. Milk in a fresh state is 
slightly alkaline; and it is a very curious circum¬ 
stance, but this very slight degree of alkaliniiy 
seems to have the effect of preserving the organ¬ 
isms which fall into it from the air from being 
destroyed at a temperature of 212'', which is tlm 
boiling point. But if you raise the temperature 
10° when you boil it, the milk behaves like ev(‘ry- 
thing else ; and if the air with which it comes in 
contact, after being boiled at this temperature, is 
passed through a red-hot tube, you will not got a 
trace of organisms. 

He then turned his attention to the mesreury 
bath, and found on examination that the suriace of 
the mercury was almost always covered witli a 
very fine dust. He found that even tho mercury 
itself was positively full of organic matters; that 
from being constantly exposed to tho air, it had 
collected an immense number of these iufusorin.1 
organisms from the air. Well, under those circum¬ 
stances he felt that the case was quite clear, and 
that the mercury was not what it liad appeared to 
M. Schwann to be,—a bar to the admission of those 
organisms; but that,in reality, it acted as a reservoir 
from which the infusion was immediately supplied 
with the large quantity that had so puzzled him. 
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But not content with, explaining the experiments 
of others, M. Pasteur went to work to satisfy himself 
completely. He said to himself: “ If my view is 
right, and if, in point of fact, all these appearances 
of spontaneous generation are altogether due to the 
falling of minute germs suspended in the atmo¬ 
sphere,—^why, I ought not only to be able to show 
the germs, but I ought to be able to catch 
and sow them, and produce the resulting organ¬ 
isms/' He, accordingly, constructed a very in¬ 
genious apparatus to enable him to accomplish the 
trapping of the “ germ dust " in the air. He fixed 
in the window of his room a glass tube, in the 
centre of which he had placed a ball of gun-cotton, 
which, as you all know, is ordinary cotton-wool, 
which, from having been steeped in strong acid, is 
converted into a substance of great explosive power. 
It is also soluble in alcohol and ether. One end 
of the glass tube was, of course, open to the ex¬ 
ternal air; and at the other end of it he placed an 
aspirator, a contrivance for causing a current of 
the external air to pass through the tube. He 
kept this apparatus going for four-and-twenty 
hours, and then removed the dvsUd gun-cotton, 
and dissolved it in alcohol and ether. He then 
allowed this to stand for a few hours, and the re¬ 
sult was, that a very fine dust was gradually de¬ 
posited at the bottom of it. That dust, on being 
transferred to the stage of a microscope, was found 
to contain an enormous number of starch grains. 

c c 2 
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You know that the materials of our foo<l and the 
greater portion of plants are composed of stanch, 
and we are constantly making use of it in a variety 
of ways, so that there is always a (jnantity of it 
suspended in the air. It is thesti starch grains 
which form many of those bright speseks that we 
see dancing in a ray of light sometimes. But be¬ 
sides these, M, PawSteur found also an imnu^nse 
number of other oi’gauic subs<,an<^(‘s such as sporcjs 
of fungi, which had been floating about in tlu‘, air 
and had got caged in this way. 

Ho wont farther, and said to liiinself, If th(‘S(*, 
really are the things that give rise to the appear¬ 
ance of spontaneous generation, I ought tolxj abh^ 
to take a ball of this dunted gun-cottou and put it 
into one of my vessels, containing that boiled in¬ 
fusion which has boon kept away from t.hi^ air, and 
in which no infusoria are at present devidoptul, and 
then, if I am right, the introduction of this gun¬ 
cotton will give rise to organisms,” 

Accordingly, he took one of thesti vessels ctf in¬ 
fusion, which had been kept eighteen months, 
without the least appearance of life in it, and l)y a, 
most ingenious contrivance, he managed to break 
it open and introduce such a hall of gnn-<^<.)tton, 
without allowing the infusion or the cotton ball to 
come into contact with any air but that whi(‘b luwl 
been subjected to a red heat, and in tweniy-fonr 
hours he had the satisfaction of finding all the in¬ 
dications of what had been hitherto calhid spou- 
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taneous generation. He had succeeded in catching 
the germs and developing organisms in the way 
he had anticipated. 

It now struck him that the truth of his conclu¬ 
sions might he demonstrated without all the appa¬ 
ratus he had employed. To do this, he took some 
decaying animal or vegetable substance, such as 
urine, which is an extremely decomposable sub¬ 
stance, or the juice of yeast, or perhaps some other 
artificial preparation, and filled a vessel having a 
long tubular neck with it. He then boiled the 
liquid and bent that long neck into an S shape or 
zig-zag, leaving it open at the end. The infusion 
then gave no trace of any appearance of spontaneous 
generation, however long it might be left, as all 
the germs in the air were deposited in the begin¬ 
ning of the bent neck. He then cut the tube close 
to the vessel, and allowed the ordinary air to have 
free and direct access ; and the result of that was 
the appearance of organisms in it, as soon as the 
infusion had been allowed to stand long enough to 
allow of the growth of those it received from the 
air, which was about forty-eight hours. The re¬ 
sult of M. Pasteur’s experiments proved, therefore, 
in the most conclusive manner, that all the appear¬ 
ances of spontaneous generation arose from nothing 
more than the deposition of the germs of organisms 
which were constantly floating in the air. 

To this conclusion, however, the objection was 
made, that if that were the cause, then the air 



a90 PHENOMENA OE omxmo NATTTUE xt 

would contain such an enormous nmnbcir of these 
germs, that it would be a continual fog. But M. 
Pasteur replied that they are not there in any¬ 
thing like the number we might stippose, and that 
an exaggerated view has been held on that subject; 
he showed that the chances of animal or vegetabkj 
life appearing in infusions, depend entirely on the 
conditions under which they are exposed. Tf they 
are exposed to the ordinary atmosphere around 
us, why, of course, you may have organisms ap¬ 
pearing early. But, on the other hand, if they are 
exposed to air at a great height, or in some very 
quiet cellar, you will often not find a single trace 
of life. 

So that M. Pasteur arrived at last at the clear 
and definite result, that all these appearances arcj 
like the case of the worms in the piece of nuiat, 
which was refuted by Redi, simply germs carried 
by the air and deposited in tlie liquids in which 
they afterwards appear. For my own part, I con¬ 
ceive that, with the particulars of M, Pfustcnir’s ex¬ 
periments before us, we cannot fail to arrive at his 
conclusions; and that the doctrine of spontaneous 
generation has received a final coup de (jrdm. 

You, of course, understand that all this in tio 
way interferes with the posdhiliiy of the fabrica¬ 
tion of organic matters by the direct nu^thod to 
which I have referred, remote as that possibility 
may be. 
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THE PEEPETUATION OP LIVING BEINGS, HEKEDI- 
TAEY TEANSMISSION AND VARIATION. 

The inquiry which we undertook, at our last 
meeting, into the state of our knowledge of the 
causes of the phenomena of organic nature,—of 
the past and of the present,—^resolved itself into 
two subsidiary inquiries : the first was, whether we 
know anything, either historically or experimen¬ 
tally, of the mode of origin of^ living beings; the 
second subsidiary inquiry was, whether, granting 
the origin, we know anything about the perpetua¬ 
tion and modifications of the forms of organic beings. 
The reply which I had to give to the first question 
was altogether negative, and the chief result of my 
last lecture was, that, neither historically nor ex- 
perimentally, do we at present know anything j 
whatsoever about the origin of living forms. We | 
saw that, historically, we are not likely to kiqw j 
anything about it, although we may peab^s |ean^ j 
something experimentally ; but th^ at presei^t we i 
are an enormous distance from th^ goal I iudioat^d* [ 
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I HOW, then, take up the next (piestioii, What 
do we know of the luproduction, the perpetuation, 
and the modifications of the forms of living beings, 
supposing that we have put th(i question as to their 
origination on one side, and have assumed that at 
present the causes of their origination art^ Ix^yond 
us, and that wo know nothing about tlunn ? Upon 
this question the state of our knowledge is ex¬ 
tremely different; it is exceedingly large : and, if 
not complete, our experience is certainly most ex¬ 
tensive, It would be impossible to lay it all before 
you, and the most I can do, or need do to-night, is 
to take up the principal points and init them be¬ 
fore you with such promincuce as may subserve 
the purposes of our present argument. 

The method of the perpetuation oForganic lK*ings 
isof two kinds,—the nou-sexual and tlio sexual, fn 
the first the perpetuation takes place from and by 
a particular acfc of an individual organism, whieli 
sometimes may not bci classed as belonging to any 
sox at all. In the second cascj, it is in con¬ 
sequence of the mutual action and interaction of 
certain portions of the organisms of usually two 
distinct individuals,—the male and th() femahj. Thi\ 
cases of non-sexual perpetuation arc by no means 
so common as the cases of sexual porpcituatiou; 
and they are by no means so common in the animal 
as in the vegetable world. You arc all probably 
familiar with the fact, as a matter of experieucti, 
that you can propagaLo plants by means of what 
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are called cuttings ; for example, that by tak¬ 
ing a cutting from a geranium plant, and rearing 
it properly, by supplying it with light and warmth 
and nourishment from the earth, it grows up and, 
takes the form of its parent, having all the pro¬ 
perties and peculiarities of the original plant. 

Sometimes this process, which the gardener per¬ 
forms artificially, takes place naturally; that is to 
say, a little bulb, or portion of the plant, detaches 
itself, drops off, and becomes capable of growing 
as a separate thing. That is the case with many 
bulbous plants, which throw off in this way second¬ 
ary bulbs, which are lodged in the ground and 
become developed into plants. This is a non-sexual 
process, and from it results the repetition or re¬ 
production of the form of the original being from: 
which the bulb proceeds. 

Among animals the same thing takes place. 
Among the lower forms of animal life, the infusorial: 
animalculse we have already spoken of throw off 
certain portions, or break themselves up in various; 
directions, sometimes transversely or sometimes, 
longitudinally; or they may give off buds, which} 
detach themselves and develop into their proper 
forms. There is the common fresh-water polype, 
for instance, which multiplies itself in this wayi 
Just in the same way as the gardener is able td 
multiply and reproduce the peculiarities and char4 
acters of particular plants by means of cuttingsj 
so can the physiological experimentalist—as was 
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shown by the Abb4 Trombley many years ago—so 
can he do the same thing with many of the lower 
forms of animal life. M. de Trembley showed 
that you could take a polype and cut it into two, 
or four, or many pieces, mutilating it in all direc¬ 
tions, and the pieces would still grow up and re¬ 
produce completely the original form of th(i animal. 
These are all cases of non-sexnal niultii)lication, 
and there arc other instances, and still more extra¬ 
ordinary ones, in which this process takes place 
naturally, in a more hidden, a more recondite kind 
of way. You are all of you familiar with that 
little green insect, tlie A])lm or blight, as it is 
called. These little animals, during a very con¬ 
siderable part of their existence, multiply them¬ 
selves by means of a kind of internal budding, the 
buds being developed into esscntiaJly non-sexnal 
animals, which are neither male nor female; tiny 
become converted into young Aphiden, which rt*- 
peat the process, and their offspring after them, 
and so on again ; you may go on for nine or ten, 
or even twenty or more successions; and there is no 
very good reason to say how soon it might terminattj, 
or how long it might not go on if the propt‘r (ion- 
ditions of warmth and nourishment were kept up. 

Sexual reproduction is quite a distinct mafct(ir. 
Here, in all these cases, wliat is n^juired is the 
detachment of two portions of the parental 
organisms, which portions wo know as the (jgg 
or the spermatozoon. In plants it is the ovule 
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and the pollen-grain, as in the flowering plants, oi 
the ovule and the antherozooid, as in the flower¬ 
less. Among all forms of animal life, the sperma¬ 
tozoa proceed from the male sex, and the egg is 
the product of the female. Now, what is remark¬ 
able about this mode of reproduction is this, that 
tho egg by itself, or the spermatozoa by themselves, 
are unable to assume the parental form; but ii 
they be brought into contact with one another, 
the effect of the mixture of organic substances 
proceeding from two sources appears to confer an 
altogether new vigour to the mixed product. This 
process is brought about, as we all know, by the 
sexual intercourse of the two sexes, and is called 
tho act of impregnation. The result of this act 
o!i tho part of the male and female is, that the 
formation of a new being is set up in the ovule or 
egg; this ovule or egg soon begins to be divided 
and subdivided, and to be fashioned into various 
complex organs, and eventually to develop into 
tho form of one of its parents, as I explained in 
the first lecture. These are the processes by 
which tlio perpetuation of organic beings is secured. 
Why there should be the two modes—why this 
r(j-invigoration should be required on the part of 
the female element we do not know; but it is most 
assuredly the fact, and it is presumable, that, how¬ 
ever long the process of non-sex ual multiplication 
could be continued—I say there is good reason to 
believe that it would come to an end if a new 
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commencement were not obtained by a conjunc¬ 
tion of the two sexual elements. 

That character which is common to these two 
distinct processes is this, that, whether we con¬ 
sider the reproduction, or perpetuation, or modifica¬ 
tion of organic beings as they take place non-sexu* 
ally, or as they may take place sexually—in either 
case, I say, the ofispring has a constant tendency 
to assume, speaking generally, the character of 
the parent. As I said just now, if you take a slip 
of a plant, and tend it with care, it will eventually 
grow up and develop into a plant like that from 
which it had sprung; and this tendency is so 
strong that, as gardeners know, this mode of 
multiplying by means of cuttings is the only secure 
mode of propagating very many varieties of plants; 
the peculiarity of the primitive stock seems to bo 
better preserved if you propagate it by means of a 
slip than if you resort to the sexual mode* 

Again, in experiments upon the lower animals, 
such as the polype, to which I have referred, it is 
most extraordinary that, although cut up into 
various pieces, each particular piece will grow up 
into the form of the primitive stock; the head, if 
separated, will reproduce the body and the tail; 
and if you cut off the tail, you will find that that 
will reproduce the body and all -the rest of the 
members, without in any way deviating from the 
plan of the organism from which these portions 
have been detached. And so far does tliis go, that 
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some experimentalists have carefully examined the 
lower orders of animals,—among them the Abb4 
Spallanzani, who made a number of experiments 
upon snails and salamanders,—and have found 
that they might mutilate them to an incredible’ 
extent; that you might cut off the jaw or the 
greater part of the head, or the leg or the tail, and 
repeat the experiment several times, perhaps cut¬ 
ting off the same member again and again; and 
yet each of those types would be reproduced 
according to the primitive type: Nature making 
no mistake, never putting on a fresh kind of leg, 
or head, or tail, but always tending to repeat and 
to return to the primitive type. 

It is the same in sexual reproduction: it is aj 
matter of perfectly common experience, that thej 
tendency on the part of the offspring always is,j 
speaking broadly, to reproduce the form of theE 
parents. The proverb has it that the thistle doesi 
not bring forth grapes; so, among ourselves, th^ej 
is always a likeness, more or less marked and dis-^ 
tinct, between children and their parents. That is j 
a matter of f^iliar and ordinary observation. 
notice the same thing occurring in the cases of the| 
domestic animals—dogs, for instance, and theid 
offspring. In all these cases of propagation and 
perpetuation, there seems to be a tendency in the 
offspring to take the characters of the parental 
organisms. To that tendency a special name is giveri 
—and as I may very often use it, I will write it 
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up here on this black-board that you may remem¬ 
ber it—it is called Atamsm; it exi)rosses this 
tendency to revert to the ancestral typo, and comes 
from the Latin word atcmis^ ancestor. 

Well, this Atavism which I shall spc^ak of, is, as 
I said before, one of the most marked and striking 
tendencies of organic beings; but, side by sides 
with this hereditary tendency there is an C(|urilly 
distinct and remarkable tendency to varitition. 
The tendency to reproduce the original stock has, 
as it were, its limits, and side by side with it there 
is a tendency to vary in certain directions, as if 
there were two opposing powers working upon the 
organic being, one tending to take it in a straight 
lino, and the other tending to make it diverge 
from that straight lino, first to one side and then 
to the other. 

So that you see those two tcn<lcncios need not 
precisely contradict one anotlicr, a.s the ultiiuat(j 
result may not always be very remote from what 
would have boon the case if the lino had beem ([ui to 
straight* 

This tendency to variation is loss marked in that 
modo of propagation which takes pJaco non-sexu- 
ally; it is in that mode that the minor characters of 
animal and vegetable structures arc inost com¬ 
pletely preserved. Still, it will happen sometimes, 
that the gardener, when he has planted a cutting 
of some favourite plant, will find, contrary to his 
expectation, that the slip grows uj) a little differeixt 
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from tie primitive stock—that it produces flowers 
of a different colour or make, or some deviation 
in one way or another. This is what is called the 
sporting of plants. 

In animals the phenomena of non~sexual pro¬ 
pagation are so obscure, that at present we cannot 
be said to know much about them; but if we turn to 
that mode of perpetuation which results from the 
sexual process, then we find variation a perfectly 
constant occurrence, to a certain extent; and, in¬ 
deed, I think that a certain amount of variation 
from the primitive stock is the necessary result of 
the method of sexual propagation itself; for, inas¬ 
much as the thing propagated proceeds from two 
organisms of different sexes and difierent makes t 
and temperaments, and as the ojQfepring is to be ^ 
either of one sex or the other, it is quite clear that i 
it cannot be an exact diagonal of the two, or it : 
would be of no sex at all; it cannot be an exact 
intermediate form between that of each of its 
parents—it must deviate to one side or the other. 
Tou do not find that the male follows the precise 
type of the male parent, nor does the female al- ; 
ways inherit the precise characteristics of the 
mother,—there is always a proportion of the female | 
character in the male oflfepring, and of the male E 
character in the female ofispring. That must be quite j 
plain to all of you who have looked atall attentively ] 
on your own children or those of your neighbours; 
you will have noticed how very often it may hap- J 
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pen that the son shall exhibit the maternal type 
of character, or the daughter possess the character¬ 
istics of the father's family. There are all sorts of 
intermixtures and intermediate conditions between 
the two, where complexion, or beauty, or fifty other 
dilfiferent peculiarities belonging to either side of 
the house, are rej^roduced in other members of the 
same family. Indeed, it is sometimes to be re¬ 
marked in this kind of variation, that the variety 
belongs, strictly speaking, to neither of the im¬ 
mediate parents; you will see a child in a family 
who is not like either its father or its mother; but 
some old person who knew its grandfather or 
grandmother, or, it may be, an uncle, or, perhaps, 
even a more distant relative will see a great 
similarity between the child and one of these. In 
this way it constantly happens that tlic character¬ 
istic of some previous member of the family comes 
out and is reproduced and recognised in the most 
unexpected manner. 

But apart from that matter of general experience, 
there are some cases which put that curious mix¬ 
ture in a very clear light. You arc aware that the 
offspring of the ass and the horse, or rather of the 
he-ass and the mare, is what is called a mule; and, 
on the other hand, the offspring of the stallion 
and the she-ass is what is called a hinny. It is 
a very rare thing in this country to see a hinny. 
I never saw one myself ; but they have been very 
carefully studied. Now, the curious thing is this, 
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idfhoiioli you iiavo tlio same elements in the 
< x|»-riiiii>iif, in cncli ciist', the offspring is entirely 
(lil'IlTi'iit in chanicfi'r, nocorfliug sis the infln- 

... iVciin tlin siss or the horse. Where the 

nss is the iimlc, us in the case of the mule, you 
find that Uio head is like that of the ass, that the 
oar.s art- long, tin* (ail is tufted at the end, the feet 
art* .small, and the voict* is an unniistakahle bray; 
theso arc all points of similarity to the ass; but, 
on till' othi’r hand, the barrel of the body and the 
nut of (ho nock uns lunch more like those of the 
man-. Tlion, if you hatkat the hinny,—the result 
of tin' union of i!i(! slalliou and the sho-ass, then 
you tind it is tint horsts that htustho predominance; 
thaf. dm huail is niuro like that of the horse, the 
oans ant shorter, tint legs coarser, and the type is 
altogether altered; while tho voice, instead of being 
a bray, is t he ordinnry neigh of the horse. Here, 
you si'o, is a most curious thing: you take exactly 
the same (dements, iww and horset, but yon combine 
the sexes in a different maimer, and the result is 
nuHlitied iM-eordingly. You h<avc in this case, bow- 
itver, a residt which is not general and universal— 
therrt is usually an important preponderance, but 
not. always on the sarne side. 

Here, then, is one intelligible, and, perhaps, 
ni'eessary of variation: the fact, that there 
are two sescjs sharing in the production of the off¬ 
spring, and that tho share taken by each is differ¬ 
ent and vuriahhs not only for each comhination, 

V<«.. il D S' 
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but also for different members of the same 
family. 

Secondly, there is a variation, to a certain ex¬ 
tent—though, in all probability, the influence of 
this cause has been very much exaggerated—but 
there is no doubt that variation is produced, to a 
cerUin extent, by what are commonly known as 
external conditions,—such as temperature, food, 
warmth, and moisture. In the long run, every 
variation depends, in some sense, upon external 
conditions, seeing that everything has a causes of 
its own. I use the term external comlitions” 
now in the sense in which it is ordinarily em¬ 
ployed : certain it is, that external conditions have 
a definite effect. You may take a plant which has 
single flow^ers, and by dealing with the soil, and 
nourishment, and so on, you may ]>y and l)y coti- 
vert single flowers into double flowers, and make 
thorns shoot out into branches. You may thicken 
or make various modifications in the shape of the 
fruit. Ill animals, too, you may produce analogous 
changes in this way, as in tlie case of that d(uj}) 
bronze colour which persons rarely lose aft(*r 
having passed any length of time in tropical coun¬ 
tries. You may also alter the development of the 
muscles very much, by dint of training; all the 
world knows that exorcise has a great effect in this 
way; we always expect to find the arm of a blfu^k- 
smith hard and wiry, and possessing a large 
development of tlio l>rachial muscles. No <loubt 
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training, which is one of the forms of external 
conditions, converts what are originally only in¬ 
structions, teachings, into habits, or, in other 
words, into organisations, to a great extent; but 
this second cause of variation cannot be considered 
to be by any means a large one. The third cause 
that I have to mention, however, is a very exten¬ 
sive one. It is one that, for want of a better 
name, has been called spontaneous variation; 
which means that when we do not know anything 
about the cause of phenomena, we call it spon¬ 
taneous. In the orderly chain of causes and 
effects in this world, there are very few things of 
which it can be said with truth that they are 
spontaneous. Certainly not in these physical 
matters—in these there is nothing of the kind— 
everything depends on previous conditions. But 
when we cannot trace the cause of phenomena, 
we call them spontaneous. 

Of these variations, multitudinous as they are, 
but little is known with perfect accuracy. I will 
mention to you some two or three cases, because 
they are very remarkable in themselves, and also 
because I shall want to use them afterwards. 
Reaumur, a famous French naturalist, a great 
many years ago, in an essay which he wrote upon 
the art of hatching chickens—-which was indeed a 
veiy curious essay—had occasion to Bpe^ of 
variations and monstrosities. One very remark¬ 
able case had come under his notice of a variation 

UP ? 
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in the form of a human member, in the person 
of a Maltese, of the name of Gratio Kelleia, who 
was born with six fingers upon each hand, and the 
like number of toes to each of his feet. That 
was a case of spontaneous variation. Nobody 
knows why he was born with that number of 
fingers and toes, and as we don't know, wo call it 
a case of spontaneous ” variation. There is 
another remarkable case also. I select these, 
because they happen to have been observed and 
noted very carefully at the time. It fretpicntly 
happens that a variation occurs, but the persohs 
who notice it do not take any care in noting down 
the particulars, until at length, when inquiries 
come to be made, the exact circumstances are 
forgotten; and hence, multitudinous as may bo 
such spontaneous " variations, it is exceedingly 
difficult to get at the origin of them. 

The second case is one of which you may find 
the whole details in the Philosophical Transac¬ 
tions " for the year 1813, in a paper communicated 
by Colonel Humphrey to the President of the 
Royal Society—On a new Variety in the Breed 
of Sheep,” giving an account of a very remarkable 
breed of sheep, which at one time was well known 
in the northern states of America, and which 
went by the name of the Ancon or the Otter 
breed of sheep. In the year 1791, there was a 
farmer of the name of Seth Wright in Massa¬ 
chusetts, who had a Hock of shetip, consisting of a 
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ram and, I think, of some twelve or thirteen ewes. 
Of this flock of ewes, one at the breeding-time 
bore a lamb which was very singularly formed; it 
had a very long body, very short legs, and those 
legs were bowed. I will tell you by and by how 
this singular variation in the breed of sheep came 
to be noted, and to have the prominence that it 
now has. For the present, I mention only these 
two cases; but the extent of variation in the breed 
of animals is perfectly obvious to any one who has 
studied natural history with ordinary attention, or 
to any person who compares animals with others 
of the same kind. It is strictly true that there 
are never any two specimens which are exactly 
alike; however similar, they will always differ in 
some certain particular. 

Now let us go back to Atavism—to the here¬ 
ditary tendency I spoke of. What will come of a 
variation when you breed from it, when Atavism 
comes, if I may say so, to intersect variation? 
The two cases of which I have mentioned the 
history give a most excellent illustration of what 
occurs, Gratio Kelleia, the Maltese, married when 
he was twenty-two years of age, and, as I suppose 
there were no six-fingered ladies in Malta, he 
married an ordinary five-fingered person. The 
result of that marriage was four children; the 
first, who was christened Salvator, had six fingers 
and six toes, like his father; the second was 
George, who had five fingers and toes, but one of 
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them was deformed, showing a tendency to varia¬ 
tion ; the third was Andr^; he had live fingers 
and five toes, quite perfect; the fourth was a girl, 
Marie; she had five fingers and five toes, but her 
thumbs were deformed, showing a tendency toward 
the sixth. 

These children grow iq^, and when they came to 
adult years, they all married, and of course it 
happened that they all married fivo-fuigercd and 
five-toed persons. Now let us see what were the 
results. Salvator had four children; they were 
two boys, a girl, and another boy; the first two 
boys and the girl were six-fingered and six-toed 
like their gi*andfather; the fourth boy had only 
five fingers and five toes. George had only four 
children; there were two girls with six fingers 
and six toes; there was one girl with six fingers 
and five toes on the right side, and five fingers 
and five toes on the left side, so that she was half 
and half. The last, a boy, had five fingers and 
five toes. The third, Andrfe, you will rocolUset, 
was perfectly well-formed, and he had many 
children whose hands and feet were all regularly 
developed. Marie, the last, who, of course, mar¬ 
ried a man who had only five fingers, had four 
children; the first, a boy, was born with six toes, 
but the other three were normal. 

Now observe what very extraordinary phenomena 
are presented here. You have an accidental varia¬ 
tion giving rise to what you may call a monstrosity ; 
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you liave that monstrosity or variation diluted 
in the first instance by an admixture with 
a female of normal construction, and you would 
naturally expect that, in the results of such an 
union, the monstrosity, if repeated, would be in 
equal proportion with the normal type; that is to 
say, that the children would be half and half, some 
taking tJie peculiarity of the father, and the others 
being of the purely normal type of the mother; 
but you see we have a great preponderance of the 
abnormal type. Well, this comes to be mixed once 
unore with the pure, the normal type, and the ab¬ 
normal is again produced in large proportion, not¬ 
withstanding the second dilution. Now what 
would have happened if these abnormal types had 
intermarried with each other; that is to say, sup¬ 
pose the two boys of Salvator had taken it into 
their heads to marry their first cousins, the two 
first girls of George, their uncle ? You will remem¬ 
ber that these are all of the abnormal type of their 
grandfather. The result would probably have been, 
that their offspring would have been in every case 
a further development of that abnormal type. You 
see it is only in the fourth, in the person of Marie, 
that the tendency, when it appears but slightly in 
the second generation, is washed out in the third, 
while the progeny of Andrfe, who escaped 
first instance, escape altogether. 

We have in this case a good example of nature*S 
tendency to the perpetuation of a variation. Here 
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it is certainly a variation which earned with it no 
use or benefit; and yet you see the tendency to 
perpetuation may be so strong, that, notwithstand¬ 
ing a great admixture of pure blood, the variety 
continues itself up to the third generation, which 
is largely marked with it. In this case, as I have 
said, there was no means of the second generation 
intermarrying with any but five-fingered persons, 
and the question naturally suggests itself. What 
would have been the result of such marriage ? 
Reaumur narrates this case only as far as the third 
generation. Certainly it would have been an ex¬ 
ceedingly curious thing if we could have traced this 
matter any further; had the cousins intermarried, 
a six-fingered variety of the human race might 
have been set up. 

To show you that this supposition is by no means 
an unreasonable one, let me now point out what 
took place in the case of Seth Wright’s sheep, 
where it happened to be a matter of moment to 
him to obtain a breed or raise a flock of sheep like 
that accidental variety that I have described—and 
I will tell you why. In that part of Massachusetts 
where Seth Wright was living, the fields were 
separated by fences, and the sheep, which were 
very active and robust, would imm abroad, and 
without much diflSculty jump over these fences in¬ 
to other people’s farms. As a matter of course, 
this exuberant activity on the part of the sheep 
constantly gave rise to all sorts of quarrels, bicker- 
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iiuil cirtit.fiitions among the farmers of the 
jii-ighboiirhixMl; so it occurred to Seth Wright, 
who was, like his successors, more or less ’cute, that 
if ho could got a stock of sheep like those with the 
handy hfgs, they would not be able to jump over 
the fences si> readily; and he acted upon that idea. 
He Killed his old ram, and as soon as the young 
one arrived at maturity, he bred altogether from 
it. The result was oven more striking than in the 
human experiment which I mentioned just now. 
(iulonel Humphreys testifies that it always hap¬ 
pened that, th<( offspring were either pure Ancons 
or pure ordinary sheep; that in no case was there 
any mixing of the Ancons with the others. In 
eonseiiuemic. of this, in the course of a very few 
years, the farimir was able to get a very consider¬ 
able fhxtk of this variety, and a large number of 
them were, spread throughout Massachusetts. Most 
unfortunately, however—I suppose it was because 
they were so (common—nobody took enough notice 
of tlnmi to preserve their skeletons; and although 
(tolomd Humphreys states that he sent a skeleton 
to the I’residmit of the Eoyal Society at the same 
time that he forwarded his paper, I am afraid 
that tins variety has entirely disappeared; for a 
short time after these sheep had become prevalent 
in that district, the Merino sheep were introdu^; 
and iis their wool was much more valuable, and as 
they were a (luiet race of sheep, and showed no 
tendency to tresimssor jump over fences, the Otter 
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breed of slieep, IIm' wool of wlnrli wa»s inf<*rior lo 
tliat of tbc Miaino, wan gradually allo^^(*d to 
<lic out. 

You see that these facts illustrate perfectly well 
what may be done if you ta,ke care iu hr(u*d from 
stocks that are similar to eacli other. A ftt*r lia.ving 
got a variation, if, by crossing a variation with tin* 
original stock, you multiply tliat variati<ui,and ilnm 
take care to keep that variation distinc.t from tin* 
original stock, and make them bnsHl iogi^ther, — 
then you may almost certainly produtto a, race whose 
teiuloncy to continue the variation is exce<‘dingly 
strong. 

This is what is called ** sehtction ; and it is by 
exactly the same iirocoss as tliat })y which S{‘ili 
Wright bred Ins Ancon she<‘j>, that our })ree<ls of 
cattle, dogs, and fowls are obtaimsd. Then* are 
some possibilities of exception, but still, sp(‘aking 
broadly, I may say that iJiis is tint way hi wldcli 
all our varied races of domestic animals have* arisen; 
and yon must understand that it is ind. <un* 
peculiarity or one charactcirisiic alonij in whi<*h 
animals may vary. There is not a single jMuniliarity 
or characteristic of any kimi, bodily or nnjntal, in 
which offspring may not vary to a certain exttiut 
from the parent and other animals. 

Among ourselves this is well known. Tlu^ sim¬ 
plest physical peculiarity is mostly r<^j)rodu(H*d. I 
know a case of a woman who has tin* hd)e of one 
of her ears a little flattened. An onlinary olmer- 
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ver scarcely notice it, and yet every one of 

her children has an approximation to the same 
})cculiarity to sumo extent. If you look at the 
other extreme, too, the gravest diseases, such as 
gout, scrofula, and consumption, may be handed 
down with just the same certainty and persistence 
as w(‘ noticed in the perpetuation of the bandy 
legs of the Ancon sheep. 

Howevfu*, these facts are best illustrated in 
animals, and tlie extent of the variation, as is well 
known, is very remarkable in dogs. For example, 
thi*rearo some dogs very much smaller than others; 
indeed, the variation is so enormous that probably 
the smalhist dog would be about the size of the 
lieml of the largest; there are very great variations 
in tluj structural forms iK^t only of the skeleton 
Init also in the shape of the skull, and in the pro¬ 
portions of the face and the disposition of the teeth. 

Th(i Pointer, tlie Retriever, Bulldog, and the 
TerriiT differ very greatly, and yet there is every 
n^iiaon to believe that every one of these races 
has arisen from the same source,—that all the 
most important races have arisen by this selective 
breeding from accidental variation. 

A still more striking case of what may be done 
by atdectivo brcediiig, and it is a better case, be¬ 
cause there is no chance of that partial infusion of 
error to which T alluded, has been studied very 
carefully by Mr. Darwin,—the case of the domestic 
pigeons. I dare say there may be some among you 
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who may be pigeon fanciers, and I wish you to 
understand that in approaching the subject, I would 
speak with all humility and hesitation, as I regret 
to say that I am not a pigeon fancier. I know it 
is a great art and mystery, and a thing upon which 
a man must not speak lightly; but I shall en¬ 
deavour, as far as my understanding goes, to give 
you a summary of the published and unpublished 
information which I have gained from Mr. Darwin. 

Among the enormous variety,—I believe tliere 
are somewhere about a hundred and fifty kinds of 
pigeons,—there are four kinds which may be se¬ 
lected as representing the extremest divergences 
of one kind from another. Their names are the 
Carrier, the Pouter, the Fantail, and the Tumbler. 
In these large diagrams that I have here they are 
each represented in their relative sizes to eacli 
other. This first one is the Carrier; you will 
notice this large excrescence on its beak ; it has a 
comparatively small head; there is a bare space 
round the eyes; it has a long nock, a very long 
beak, very strong legs, large feet, long wings, and 
so on. The second one is the Pouter, a very largo 
bird, with very long legs and beak. It is called 
the Pouter because it is in the habit of causing its 
gullet to swell up by inflating it with air. I shouhl 
tell you that all pigeons have a tendency to do this 
at times, but in the Pouter it is carried to an 
enormous extent. The birds appear to bo quite 
proud of their power of swelling and puffing them- 
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selves out in this way; and I think it is about as j 
droll a sight as you can well see to look at a cage i 
full of these pigeons puffing and blowing them- | 
selves out in this ridiculous manner. j 

This diagram is a representation of the third j 
kind I mentioned—the Ihntail. It is, you see, a j 

small bird, with exceedingly small legs and a very ! 
small beak. It is most curiously distinguished by I 
the size and extent of its tail, which, instead of ^ 
containing twelve feathers, may have many more, 

—say thirty, or even more—I believe there are . 
some with as many as forty-two. This bird has a 
curious habit of spreading out the feathers of its 
tail in such a way that they reach forward and ; 
touch its head; and if this can be accomplished, I 
believe it is looked upon as a point of great beauty, I 
But here is the last great variety,—the Tumbler; j 
and of that great variety, one of the principal J 
kinds, and one most prized, is the specimen xepre- j 
sented here—the short-faced Tumbler. Its beak, j 
you see, is reduced to a mere nothing. Just com- ] 
pare the beak of this one and that of the first on^ j 
the Carrier—I believe the orthodox comparison of j 
the head and beak of a thoroughly well-bred Turn- | 
bier is to stick an oat into a cherry, and that will j 
give you the proper relative proportions of the | 
beak and head. The feet and legs are exoeedhig^ j 
small, and the bird appears to be i 

when placed side by side with this gre^ Carrier. | 
These are differences enough in regard to their i 
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external appearance; but these differences are by 
no means the 'whole or even the most important of 
the differences -which obtain between these birds. 
There is hardly a single point of their structure 
which has not become more or less altered; and to 
give you an idea of how extensive these alterations 
are, I have here some very good skeletons,for which 
I am indebted to my friend, Mr. Tegetmeier, a 
great authority in these matters; by means of 
which, if you examine them by and by, you will 
be able to see the enormous difference in their 
bony structures. 

I had the privilege, some time ago, of access to 
some important MSS. of Mr. Darwin, who, I may 
tell you, has taken very great pains and spent 
much valuable time and attention on the investi¬ 
gation of these variations, and getting together all 
the facts that bear upon them. I obtained from 
these MSS. the following summary of the differ¬ 
ences between the domestic breeds of pigeons; 
that is to say, a notification of the various points 
in which their organisation differs. In the first 
place, the back of the skull may differ a good deal, 
and the development of the bones of the face may 
vary a great deal; the back varies a good deal; 
the shape of the lower jaw varies; the tongue 
varies very greatly, not only in correlation t(j the 
length and size of the beak, but it seeing also to 
have a kind of independent variation of its own. 
Then the amount of naked skin round the eyes, 
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and at the base of the beak, may vary enormously; 
so may the length of the eyelids, the shape of the 
nostrils, and the length of the neck. I have al¬ 
ready noticed the habit of blowing out the gullet, 
so remarkable in the Pouter, and comparatively so 
in the others. There are great differences, too, in 
the size of the female and the male, the shape of 
the body, the number and width of the processes 
of the ribs, the development of the ribs, and the 
size, shape, and development of the breastbone. 
We may notice, too—and I mention the fact be¬ 
cause it has been disputed by what is assumed to 
be high authority,—the variation in the number 
of the sacral vertebrse. The number of these 
varies from eleven to fourteen, and that without 
any diminution in the number of the vertebrae of 
the back or of the tail. Then the number and 
position of the tail-feathers may vary enormously, 
and so may the number of the primary and second¬ 
ary feathers of the wings. Again, the length of 
the feet and of the beak,—although they have no 
relation to each other, yet appear to go together,— 
that is, you have a long beak wherever you have 
long There are differences also in the 

periods of the acquirement of the perfect plum- 
egeHrthe size and shape of the eggs—the nature 
of iight, and the powers of flight—so-caJled 

enormous flying powers;^ 

from Mr. 'tegetmcier, does not 
bein§ but a poor flier. 
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■wliilc, on the other hand, the little Tumbler is so 
called because of its extraordinary faculty of turn¬ 
ing head over heels in the air, instead of pursuing 
a direct course. And, lastly, the dispositions and 
voices of the birds may vary. Thus the case of 
the pigeons shows you that there is hardly a 
single particular—whether of instinct, or habit, 
or bony structure, or of plumage—of citluT tlie 
internal economy or the external slnnpe, iu whicli 
some variation or change may not take plac(‘,, 
which, by selective breeding, may become perpetu¬ 
ated, and form the foundation of, and give rise to, 
a new race. 

If you carry in your mind’s eye those four 
varieties of pigeons, you will hoar with you as 
good a notion as you can have, porliaps, of tlio 
enormous extent to which a deviation from a 
primitive type may be carried by means of this 
process of selective breeding. 

Tho birds which fly long distances, and come home—** homing " 
birds—and arc consoqtxontly used as carriers, are not **carriers*' 
in the fancy sense. 
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THE CONDITIONS OF EXISTENCE AS AFFECTING 
THE PERPETUATION OF LIVING BEINGS. 

In the last Lecture I endeavoured to prove to 
you that, while, as a general rule, organic beings 
tend to reproduce their kind, there is in them, 
also, a constantly recurring tendency to vary—to 
vary to a greater or to a less extent. Such a 
variety, I pointed out to you, might arise from 
causes which we do not understand; we there-; 
fore called it spontaneous; and it might come J 
into existence as a definite and marked thing,: 
without any gradations between itself and the j 
form which preceded it. I further pointed out, | 
that such a variety having once arisen, might be 
perpetuated to some extent, and indeed to a very 
marked extent, without any direct interference, or 
without any exercise of that process which we: 
called selection. And then I stated further, that | 
by such selection, when exercised artificially^^—if | 
you took care to breed only from those forms § 
which presented the same peculiarities of any ] 
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variety wliicli had arisen in this manner—the 
variation might be perpetuated, as far as we can 
see, indefinitely. 

The next question, and it is an important one 
for us, is this: Is there any limit to the amount 
of variation from the primitive stock which can 
be produced by this process of selective breeding ? 
In considering this question, it will be useful to 
class the characteristics, in respect of whicli 
organic beings vary, under two heads : wo may 
consider structural characteristics, and v/e may 
consider physiological characteristics. 

In the first place, as regards structural charac¬ 
teristics, I endeavoured to show you, by the 
skeletons which I had upon the table, and by 
reference to a great many well-ascertained facts, 
that the different breeds of Pigeons, the Carriers, 
Pouters, and Tumblers, might vary in any of their 
internal and important structural cliaracters to a 
very great degree; not only might there be changes 
in tlie proportions of the skull, and the characters 
of the feet and beaks, and so on ; but that there 
might be an absolute difference in the number of 
the vertebrae of the back, as in the sacral vertebrai 
of the Pouter; and so great is the extent of the 
variation in these and similar characters that I 
pointed out to you, by reference to the skeletons 
and the diagrams, that these extreme varieties 
may absolutely differ more from one another in 
their structural characters than do what naturalists 
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call distinct Species of pigeons; that is to say, 
that they differ so much in structure that there is 
a greater difference between the Pouter and the 
Tumbler than there is between such wild and dis¬ 
tinct forma as the Rock Pigeon or the Ring Pigeon, 
or the Ring Pigeon and the Stock Dove; and 
indeed the differences are of greater value than 
this, for the structural differences between these 
domesticated pigeons are such as would be ad¬ 
mitted by a naturalist, supposing he knew nothing 
at all about their origin, to entitle them to con¬ 
stitute even distinct genera. 

As I have used this term Species, and shall prob¬ 
ably use it a good deal, I had betterperhaps devote 
a word or two to explaining what I mean by it. 

Animals and plants are divided into gropps, 
which become gradually smaller, beginning ^th 
a Kinotom, which is divided into Sub-Kingdoms ; 
then come the smaller divisions called Peotinoes ; 
and so on from a Province to a Class, from a 
Class to an Order, from Orders to Families, 
and from these to Genera, until we come at 
length to the smallest groups of animals which 
can be defined one from the other by constant 
characters, which are not sexual; and these are 
what natumlistscall Species in practice, wh^y^ 
they may do in theory. - : 

If, in a state of nature, you find apy 
of living beings, which are sep^r^ttdd bn# ffMh the 
other by some consteiiitly-reBMrtng characteristic, 
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I don’t care how slight and trivial, so long as it is 
defined and constant, and does not depend on 
sexual peculiarities, then all naturalists agree in 
calling them two species; that is what is meant 
by the use of the word species—that is to say, it 
is, for the pi’actical naturalist, a mere question of 
structural differences.^ 

We have seen now—^to repeat this point once 
more, and it is very essential that we should 
rightly understand it—^we have seen that breeds, 
knoAvn to have been derived from a common stock 
by selection, may be as different in their structure 
from the original stock as species may be distinct 
from each other. 

But is the like true of the physiological charac¬ 
teristics of animals ? Do the physiological differ¬ 
ences of varieties amount in degree to those 
observed between forms wliich naturalists call 
distinct species ? This is a most important point 
for us to consider. 

As regards the great majority of physiological 
characteristics, there is no doubt that they are 
capable of being developed, increased, and modi¬ 
fied by selection. 

There is no doubt that breeds may be made as 
different as species in many physiological charac¬ 
ters. I have already pointed out to you very 

^ I lay stress here on the signification of ** Species.” 

Whether a physiological test between species exist or not, it is 
hardly ever applicable by the practical naturalist. 
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briefly the different habits of the breeds of' 
Pigeons, all of which depend upon their physio- ; 
logical peculiarities—as the peculiar habit of { 
tumblmg, in the Tumbler—the peculiarities of j 
flight, in the “ homing ” birds—the strange habit i 
of spreading out the tail, and walking in a peculiar j 
fashion, in the Fantail—and, lastly, the habit of 
blowing out the gullet, so characteristic of the 
Pouter. These are all due to physiological modifi¬ 
cations, and in all these respects these birds differ , 
as much from each other as any two ordinary 
species do. 

So with Dogs in their habits and instincts. It 
is a physiological peculiarity which leads the 
Greyhound to chase its prey by sight—that enables ] 
the Beagle to track it by the scent—that impels j 
the Terrier to its rat-hunting propensitj^-^d | 
that leads the Eetriever to its habit of retrieving, i 
These habits and instincts are all the results of J 
physiological differences and peculiarities, which j 
have been developed from a common stock, at J 
least there is every reason to believe so. But it; 
i singular circumstance, that while you j 

through almost the whole series of [ 
;^y^plogical processes, without finding a check to j 
^ument, you come at last to a point where j 
you do find a check, and that is in the reproduc¬ 
tive there is a most singular cir-1 

bumstance in respect to natural species—at least J 
about some of them—and it would be sufficient | 
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for the purposes of this argument if it were true 
of only one of them, but there is, in fact, a great 
number of such cases—and that is, that, similar 
as they may appear to be to mere races or breeds, 
they present a marked peculiarity in the repro¬ 
ductive process. If you breed from the male and 
female of the same race, you of course have off¬ 
spring of the like kind, and if you make the off¬ 
spring breed together, you obtain the same result, 
and if you breed from these again, you will still 
have the same kind of offspring; there is no 
check. But if you take members of two distinct 
species, however similar they may be to each other, 
and make them breed together, you will find a 
check, with some modifications and exceptions, 
however, which I shall speak of presently. If 
you cross two such species with each other, then 
—although you may get offspring in the case of 
the first cross, yet, if you attempt to breed from 
the products of that crossing, which are what are 
called Hybrids —^that is, if you couple a male 
and a female hybrid—^then the result is that in 
ninety-nine cases out of a hundred you will 
get no offspring at all; there will be no result 
whatsoever. 

The reason of this is quite obvious in some 
cases; the male hybrids, although possessing all 
the external appearances and characteristics of 
perfect animals, are physiologically imperfect and 
deficient in the structural parts of the reproductive 
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elements necessary to generation. It is said to 
be invariably the case with the male mule, the 
cross between the Ass and the Mare; and hence 
it is, that, although crossing the Horse with the 
Ass is easy enough, and is constantly done, as fai 
as I am aware, if you take two mules, a male and 
a female, and endeavour to breed from them, you 
get no offspring whatever; no generation will take 
place. This is what is called the sterility of the 
hybrids between two distinct species. 

You see that this is a very extraordinary cir¬ 
cumstance ; one does not sec why it should be, 
The common teleological explanation is, that it is 
to prevent the impurity of the blood resulting 
from the crossing of one species with another, hul 
you sec it does not in reality do anything of the 
kind. Tlicre is nothing in this fact that hybrids 
cannot l>reed with each other, to establish such a 
theory; there is nothing to pi'event the Horse 
breeding with the Ass, or the Ass with the Horse. 
So tliat this explanation breaks down, as a great 
many explanations of this kind do, that are only 
founded on mere assumptions. 

Thus you see that there is a great difference 
between ''mongrels,which are crosses between 
distinct races, and hybrids,” which are crosses 
between distinct species. The mongrels are, sc 
far as wo know, fertile with one another. But 
between species, in many cases, you cannot suc¬ 
ceed in obtaining even the first cross; at any rate 
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it is quite certain that the hybrids are often abso¬ 
lutely infertile one with another. 

Here is a feature, then, great or small as it may 
be, which distinguishes natural species of animals. 
Can we find any approximation to this in the 
different races known to be produced by selective 
breeding from a common stock ? Up to the 
present time the answer to that question is abso¬ 
lutely a negative one. As far as we know at 
present, there is nothing approximating to this 
check. In crossing the breeds between the Fan- 
tail and the Pouter, the Carrier and the Tumbler, 
or any other variety or race you may name—so far 
as we know at present—there is no difficulty in 
breeding together the mongrels. Take the Carrier 
and the Fantail, for instance, and let them repre¬ 
sent the Horse and the Ass in the case of distinct 
species; then you have, as the result of their brood¬ 
ing, the Carrier-Fantail mongrel,—wo will say the 
male and female mongrel,—and, as far as wo know, 
these two when crossed would not be less fertile 
than the original cross, or than Carrier with Car¬ 
rier. Here, you see, is a physiological contrast 
between the races produced by selective modifica¬ 
tion and natural species. I shall inquire into the 
value of this fact, and of some modifying circum¬ 
stances by and by; for the present I merely put 
it broadly before you. 

But while considering this question of the limi¬ 
tations of species, a word must be said about what 
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is called Eecukeence— the tendency of races 
which have been developed by selective breeding 
from varieties to retnm to their primitive type. 
This is supposed by many to put an absolute limit 
to the extent of selective and all other variations. 
People say, “ It is all very well to talk about pro¬ 
ducing these different races, but you know very 
well that if you turned all these birds wUd, these 
Pouters, and Carriers, and so on, they would all re¬ 
turn to their primitive stock.” This is very com¬ 
monly assumed to be a fact, and it is an argument 
that is commonly brought forward as conclusive; 
but if you will take the trouble to inquire into it 
rather closely, I think you will find that it is not 
worth very much. The first question of course is. 
Do they thus return to the primitive stock ? And 
commonly as the thing is assumed and accepted, 
it is extremely difficult to get anything like good 
evidence of it. It is constantly said, for example, 
that if domesticated Horses are turned wild, as 
they have been in some parts of Asia Minor and 
South America, that they return at once to the 
primitive stock from which they were bred. But 
the first answer that you make to this assuinption 
is, to ask who knows what the primitive stock 
was; and the second answer is, that in that case 
the wild Horses of Asia Minor ought tqb» 
like the wild Horses of South AmetiA ■ 
are both like the same thing, they dught mani^ 
festly to be like each other! The best authorities, 
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however, tell you that it is quite different. The 
wild Horse of Asia is said to be of a dun colour, 
with a largish head, and a great many other pe¬ 
culiarities ; while the best authorities on the wild 
Horses of South America tell you that there is no 
similarity between their wild Horses and those of 
Asia Minor; the cut of their heads is very differ¬ 
ent, and they are commonly chestnut or bay- 
coloured. It is quite clear, therefore, that as by 
these facts there ought to have been two primitive 
stocks, they go for nothing in support of the as¬ 
sumption that races recur to one primitive stock, 
and so far as this evidence is concerned, it falls to 
the ground. 

Suppose for a moment that it wore so, and 
that domesticated races, when turned wild, did 
return to some common condition, I cannot see 
that this would prove much more than that simi¬ 
lar conditions are likely to produce similar results; 
and that when you take back domesticated ani¬ 
mals into what we call natural conditions, you do 
exactly the same thing as if you carefully undid 
all the work you had gone through, for the pur¬ 
pose of bringing the animal from its wild to its 
domesticated state. I do not see anything very 
wonderful in the fact, if it took all that trouble to 
get it from a wild state, that it should go back in¬ 
to its original state as soon as you removed the 
conditions which produced the variation to the 
domesticated form. There is an important fact, 
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however, forcibly brought forward by Mr. Darwin, 
which has been noticedin connection withthebreed- 
ing of domesticated pigeons; and it is, that how¬ 
ever different these breeds of pigeons may be from 
each other, and we have already noticed the great 
differences in these breeds, that if, among any of 
those variations, you chance to have a blue pigeon 
turn up, it will be sure to have the black bars 
across the wings, which are characteristic of the 
original wild stock, the Eock Pigeon. 

Now, this is certainly a very remarkable cir¬ 
cumstance ; but I do not see myself how it tells 
very strongly either one way or the other. I 
think, in fact, that this argument in favour of re¬ 
currence to the primitive type might prove a great 
deal too much for those who so constantly bring it 
forward. For example, Mr. Darwin has very for¬ 
cibly urged, that nothing is commoner than if you 
examine a dun horse—and I had an opportunity 
of verifying this illustration lately while in the 
islands of the West Highlands, where there are a 
great many dun horses—to find that horse exhibit 
a long black stripe down his back, very often 
stripes on his shoulder, and very often stripes on 
his legs. I, myself, saw a pony of this description 
a short time ago, in a baker’s cart, near Rothesay, 
in Bute: it had the long stripe down the 
and stripes on the shoulders and le^^, j^ Rke 
those of the Ass, the Quagga, and the Zebra. 
Now, if we interpret the theory of recurrence as 
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applied to this case, might it not be said that here 
was a case of a variation exhibiting tlie characters 
and conditions of an animal occupying something 
like an intermediate position between the Horse, 
the Ass, the Quagga, and the Zebra, and from 
which these had been developed ? In the same 
way with regard even to Man. Every anatomist 
will tell you that there is nothing commoner, in 
dissecting the human body, than to meet with 
what are called muscular variations—that is, if 
you dissect two bodies very carefully, you will prob¬ 
ably find that the modes of attachment and in¬ 
sertion of the muscles are not exactly the same in 
both, there being great peculiarities in the mode 
in which the muscles are arranged; and it is very 
singular, that in some dissections of the human 
body you will come upon arrangements of the 
muscles very similar indeed to the same jiarts 
in the Apes. Is the conclusion in that case 
to be, that this is like the black bars in the case 
of the Pigeon, and that it indicates a recurrence 
to the primitive type from which the animals 
have been probably developed ? Truly, I think 
that the opponents of modification and variation 
had better leave the argument of recurrence 
alone, or it may prove altogether too strong for 
them. 

To sum up,—the evidence as far as wo have 
gone is against the argument as to any limit to 
divergences, so far as structure is conceriiod; and 
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in favour of a physiological limitation. By selec¬ 
tive breeding we can produce structural diver¬ 
gences as great as those of species, but we cannot 
produce equal physiological divergences. For the 
present I leave the question there. 

Now, the next problem that lies before us—and 
it is an extremely important one—is this: Does 
this selective breeding occur in nature ? Because 
if there is no proof of it, all that I have been tell¬ 
ing you goes for nothing in accounting for the 
origin of species. Are natural causes competent 
to ply the part of selection in perpetuating 
varieties? Here we labour under very great 
difficulties. In the last lecture I had occasion to 
point out to you the extreme difficulty of obtain¬ 
ing evidence even of the first origin of those 
varieties which we know to have occurred in 
domesticated animals. I told you, that almost al¬ 
ways the origin of these varieties is overlooked, so 
that I could only produce two or three cases, as 
that of Gratio Kelleia and of the Ancon sheep. 
People forget, or do not take notice of them' until 
they come to have a prominence; and if that is 
true of artificial cases, under our own eyes, and in 
animals in our own care, how much more difficult 
it must be to have at first hand good evidence of 
the origin of varieties in nature! Indeed, I do 
not know that it is possible by direct evidence to 
prove the origin of a variety in nature, or to prove 
selective breeding; but I will tell you what we 
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can prove—and thi:? comes to the game thing— 
that varieties exist in nature AVitUin the limits of 
species, and, what is more, that when a variety has 
come into existence in nature, there are natural 
causes and conditions, which ai*e amply competent 
to play the part of a selective breeder; and al¬ 
though that is not quite the ewideuce that one 
would like to have—though it is not direct testi¬ 
mony—yet it is exceeding good and exceedingly 
powerful evidence in its way. 

As to the first point, of varieties existing 
among natural species, I might appeal to the 
universal experience of every naturalist, and of 
any person who has ever turned any attention 
at all to the characteristics of plants and animals 
in a state of nature; hut I may as well take 
a few definite cases, and I will begin with Man 
himself. 

I am one of those who believe that, at present, 
there is no evidence whatever for saying, that man¬ 
kind sprang originally from anymore than a single 
pair; I must say, that I cannot see any good 
ground whatever, or even any tenable sort of evi¬ 
dence, for believing that there is more than one 
species of Man. Nevertheless, as you know, just 
as there are numbers of varieties in animals, so 
there are remarkable varieties of men. I speak 
not merely of those broad and distinct variiitions 
which you see at a glance. Everybody, of C(3urso, 
knows the difference between a Negro and a white 
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man, and can tell a Chinaman from an English¬ 
man. They each have peculiar characteristics of 
colour and physiognomy; but you must recollect 
that the characters of these races go very far 
deeper—^they extend to the bony structure, and to 
the characters of that most important of all organs 
to us—the brain; so that, among men belonging 
to different races, or even within the same race, 
one man shall have a brain a third, or half, or even 
seventy per cent, bigger than another; and if you 
take the whole range of human brains, you will 
find a variation in some cases of a hundred per 
cent. Apart from these variations in the size of 
the brain, the characters of the skull vary. Thus 
if I draw the figures of a Mongol and of a Negro 
head on the blackboard, in the case of the last the 
breadth would be about seven-tenths, and in the 
other it would be nine-tenths of the total length. 
So that you see there is abundant evidence of 
variation among men in their natural condition. 
And if you turn to other animals there is just the 
same thing. The fox, for example, which has a 
very large geographical distribution all over 
Europe, and parts of Asia, and on the American 
Continent, varies greatly. There are mostly large 
foxes in the North, and smaller ones in the South. 
In Germany alone the foresters reckon some eight 
different sorts. 

Of the tiger, no one supposes that there is more 
than one species; they extend from the hottest 
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parts of Bengal, into the dry, cold, bitter steppes 
of Siberia, into a latitude of 50 °,—so that they may 
even prey upon the reindeer. These tigers have 
exceedingly different characteristics, but still they 
all keep their genei'al features, so that there i.H no 
doubt as to their being tigers. The Siberian 
tiger has a thick fur, a small mane, and a hmgi- 
tudinal stripe down the back, while the tigtjrs of 
Java and Sumatra differ in many important re¬ 
spects from the tigers of Northern Asia. So lions 
vary; so birds vary; and so, if you go further bitek 
and lower down in creation, you find that fishes 
vary. In different streams, in the same country 
even, you will find the trout to be <juitc different 
to each other and easily recognisable by those who 
fish in the particular streams. Tlmre is the same 
differences in leeches; leech colluctors can easily 
point out to you the differences and the peculiari¬ 
ties which you yourself would probably pass by ; 
so with fresh-water mussels; so, in fact, with every 
animal you can mention. 

In plants there is the same kind of variation. 
Take such a case even as the common brjuublo. 
The botanists are all at war about it; sonit} of 
them wanting to make out that there are many 
species of it, and others maintaining that they are 
but many varieties of one species; and they can¬ 
not settle to this day which is a species and which 
is a variety! 

So that there can be no doubt whatsoever that 
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any plant and any animal may vary in nature 
that varieties may arise in the way I have describe^ 
—as spontaneous varieties—and that those varie 
ties may be perpetuated in the same way that 
have shown you spontaneous varieties are perpetu 
atedI say, therefore, that there can be no doub 
as to the origin and perpetuation of varieties ii 
nature. 

But the question now is :—Does selection tak< 
place in nature? Is there anything like th( 
operation of man in exercising selective breeding 
taking place in nature ? You will observe that 
at present, I say nothing about species; I wish tc 
confine myself to the consideration of the pro¬ 
duction of those natural races which everybodj 
admits to exist. The question is, whether in 
nature there are causes competent to produce 
races, just in the same way as man is able to pro¬ 
duce by selection, such races of animals as we 
have already noticed. 

When a variety has arisen, the Conditions of 
Existence are such as to exercise an influence 
which is exactly comparable to that of artificial 
selection. By Conditions of Existence I mean 
two things—^there are conditions which are fur¬ 
nished by the physical, the inorganic world, and 
there are conditions of existence which are fur¬ 
nished by the organic world. There is, in the first 
place. Climate ; under that head I include only 
temperature and the varied amount of moisture 
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of particular places. In the next ])laco tlierc^ is 
what is teclmically called Station, which niertns 
—^given the climate, the particular kind of place 
in which an animal or a j^laut lives or grows ; for 
example, the station of a lish is in the water, of a 
frcsh-watcr fish in fresh -water; the station of a 
marine fish is in the sea, and a marine animal 
may have a station higher or dee]>er. So again 
witliland animals ; the differences in their stations 
are those of different soils and neighbo«rh(M>ds; 
some being best adapted to a calcareous, ami 
others to an arenact^ouH soil. The third coanliiion 
of existence is Fool), by which I numi fixal in 
the broadcast s<inse, the supply (ff tluj materials 
necessary to tlie existence of an organic being; in 
th(‘ case of a plant the inorganu? matters, nmh as 
carbonic acid, water, ammonia, and the earthy 
salts or salines ; in the case of tlie animal the in¬ 
organic and orgaiiic matters, which we have 
they r<i(pxini; tlnm tlu»s<* are all, at least the first 
two, what we may call the inorganic or physical 
conditions of existence. Food takes a mid-place, 
and then come the organic conditions; by which 
I mean the conditions whi<ih dopciul upon the 
state of the rest of tho organic creation, upon the 
number and kind of living beings, with which an 
animal is surrounded. Yoxi may class flu^se under 
two heads: there are organic Imings, which operati* 
as opponents, and there arc) organic beings whicdi 
operate as to any given organic <*roature. 
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The opponents may be of two kinds: there are 
the indirect opponents, which are what we may 
call rivals; and there are the dwect opponents, 
those which strive to destroy the creature; and 
these we call enemies. By rivals I mean, of course, 
in the case of plants, those which require for their 
support the same kind of soil and station, and, 
among animals, those which require the same kind 
of station, or food, or climate; those are the in¬ 
direct opponents ; the direct opponents are, of 
course, those which prey upon an animal or 
vegetable. The helpers may also be regarded as 
direct and indirect: in the case of a carnivorous 
animal, for example, a particular herbaceous plant 
may, in multiplying, be an indirect helper, by en¬ 
abling the herbivora on which the carnivore preys 
to get more food, and thus to nourish the carnivore 
liiore abundantly; the direct helper may be best 
illustrated by reference to some parasitic creature, 
such as the tape-worm. The tape-worm exists in 
the human intestines, so that the fewer there are 
of men the fewer there will be of tape-worms, 
other things being alike. It is a humiliating re¬ 
flection, perhaps, that we may be classed as direct 
helpers to the tape-worm, but the fact is so: we 
can all see that if there were no men there would 
bo no tape-worms. 

It is extremely difficult to estimate, in a proper 
way, the importance and the working of the Con¬ 
ditions of Existence. I do not think there were 
any of us who had the remotest notion of properly 
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estiraating tliem until tlie publirntioii of Xfr, 
Darwin’s wurk, whioh has pl;ice<l thr iu hcfore us 
with remarkable cloarness; and I must, endeavour, 
as far as I can in my own fashion, to give you 
some notion of how they work. We shall find it 
easiest to take a simple case, and one as frt-e as 
possible from every kind of complication, 

I will suppo.se, therefore, that all the habitable 
part of this globe—the <lry land, amotmting to 
about 61,000,000 square miles—I will supiwjso 
that the whole of that <lry laml has the same 
climate, and that it is compo.se(l of the same kind 
of rook or soil, so that there will bo the same 
station everywhere; we thus get rid of the peculiar 
influence of different climates and stations, I 
will then imagine that there shall he but one 
organic being in the world, and that shall bo a 
plant. In this wo start fair. Its foot! is to be 
carbonic acid, water and ammonia, and the saline 
matters in the soil, which are, by the supposition, 
everywhere alike. We take one single plant, 
with no opponents, no helpem, and no rivals; it is 
to be a “ fair field, and no favour.” Now, I will 
ask you to imagine further that it shall be a plant 
which shall produce every year fifty seeds, which 
is a very moderate number for a plant to produce; 
and that, by the action of the winds ami currents, 
these seeds shall be equally ami gradunlly dis¬ 
tributed over the whole surface of the land. I 
want you now to trace out what will occur, and 
you will observe that I am not talking fallaciously 
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any more than a mathematician does when he ex¬ 
pounds his problem. If you show that the con¬ 
ditions of your problem are such as may actually 
occur in Nature and do not transgress any of the 
known laws of Nature in working out your pro¬ 
position, then you are as safe in the conclusion 
you arrive at as is the mathematician in aniving 
at the solution of his problem. In science, the 
only way of getting rid of the complications with 
■which a subject of this kind is environed, is to 
work in this deductive method. What will be 
the result, then ? I will suppose that every plant 
requires one square foot of ground to live upon; 
and the result will be that, in the course of nine 
years, the plant will have occupied every single 
available spot in the whole globe 1 I have chalked 
upon the blackboard the figures by which I arrive 
at the result:— 


riaiits. 

1 X 50 in 1st year = 
50 X 50 „ 2nd „ = 

2,500 X 50 „ Si-d „ = 

125,000 X 50 „ 4th ,, = 

6,250,000 X 50 ,, 5th „ = 

312,500,000 X 50 „ 6th „ = 

15,625,000,000 x 50 „ 7th „ = 

781,250,000,000 X 50 „ 8th „ = 

39,062,500,000,000 x 50 „ 9th „ = 


Plants. 

50 

2,500 

125,000 

6,250,000 

312,500,000 

15,625,000,000 

781,250,000,000 

39,062,500,000,000 

1,953,125,000,000,000 


51,000,000 square miles—the! 
sq. ft. in 1 sq, mile j 

being 531,326,600,000,000 
square feet less than would be required at the end of the ninth 
year. 
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You will sec from this that, at the end of the 
first year the single plant will have produced fifty 
more of its kind ; by the end of the second year 
these will have increased to 2,500 ; and so on, in 
succeeding years, you get beyond even trillions; 
and I am not at all sure that I could tell you what 
the proper arithmetical denomination of the total 
number really is; but, at any rate, you will under¬ 
stand the meaning of all those noughts. Then 
you see that, at the bottom, I have taken the 
51,000,000 of square miles, constituting the sur¬ 
face of the dry land; and as the number of square 
feet are placed under and subtracted from the 
number of seeds that would be produced in the 
ninth year, you can see at once that there would 
be an immense number more of plants than there 
would be square feet of ground for their accom¬ 
modation. This is certainly quite enough to 
prove my point; that between the eighth and ninth 
year after being planted the single plant would have 
stocked the whole available surface of the earth. 

This is a thing which is hardly conceivable—it 
seems hardly imaginable—yet it is so. It is 
indeed simply the law of Malthas exemplified. 
Mr. Malthus was a clergyman, who worked out 
this subject most minutely and truthfully some 
years ago ; lie showed quite clearly—and although 
he was much abused for his conclusions at the 
time, they have never yet been disproved and 
never will be—he showed that in consequence of 
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the increase in the number of organic beings in a 
geometrical ratio, while the means of existence 
cannot be made to increase in the same ratio, that 
there must come a time when the number of or¬ 
ganic beings will be in excess of the power of pro¬ 
duction of nutriment, and that thus some check 
must arise to the further increase of those organic 
beings. At the end of the ninth year we have seen 
that each plant would not be able to get its full 
square foot of ground, and at the end of another 
year it would have to share that space with fifty 
others the produce of the seeds which it would 
give off. 

What, then, takes place ? Every plant grows 
up, flourishes, occupies its square foot of ground, 
and gives off its fifty seeds; but notice this, that 
out of this number only one can come to anything; 
there is thus, as it were, forty-nine chances to one 
against its growing up; it depends upon the most 
fortuitous circumstances whether any one of these 
fifty seeds shall grow up and flourish, or whether 
it shall die and perish. This is what Mr. Darwin 
has drawn attention to, and called the '' Struggle 
FOR Existence ; and I have taken this simple 
case of a plant because some people imagine that 
the phrase seems to imply a sort of fight. 

I have taken this plant and shown you that this 
is the result of the ratio of the increase, the neces¬ 
sary result of the arrival of a time coming for every 
species when exactly as many members must be 
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destroyed as are born; that is the inevitable ulti¬ 
mate result of the rate of production. Now, what 
is the result of all this ? I have said that there 
are forty-nine struggling against every one ; and 
it amounts to this, that the smallest possible start 
given to any one seed may give it an advantage 
which will enable it to get ahead of all the others; 
anything that will enable any one of these seeds to 
germinate six hours before any of the others will, 
other things being alike, enable it to choke them 
out altogether. I have shown you that there is 
no particular in which plants will not vary from 
each other; it is quite possible that one of our 
imaginary plants may vary in such a character as 
the thickness of the integument of its seeds; it 
might happen that one of the plants might pro¬ 
duce seeds having a thinner integument, and that 
would enable the seeds of that plant to germinate 
a little quicker than those of any of the others, and 
those seeds would most inevitably extinguish the 
forty-nine times as many that were struggling 
with them. 

I have put it in this way, but you see the practi¬ 
cal result of the process is the same as if some 
person had nurtured the one and destroyed the 
other seeds. It does not matter how the variation 
is produced, so long as it is once allowed to occur. 
The variation in the plant once fairly started tends 
to become hereditary and reproduce itself; the 
seeds would spread themselves in the same way 
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and take part in the struggle with the forty-nine 
hundred, or forty-nine thousand, with which they 
might be exposed. Thus, by degrees, this variety 
with some slight organic change or modification, 
must spread itself over the whole surface of the 
habitable globe, and extirpate or replace the other 
kinds. That is what is meant by Natural 
Selection ; that is the kind of argument by which 
it is perfectly demonstrable that the conditions of 
existence may play exactly the same part for 
natural varieties as man does for domesticated 
varieties. No one doubts at all that particular 
circumstances may be more favourable for one 
plant and less so for another, and the moment you 
admit that, you admit the selective power of 
nature. Now, although I have been putting a 
hypothetical case, you must not suppose that I 
have been reasoning hypothetically. There arc 
plenty of direct experiments which bear out what 
we may call the theory of natural selection ; there 
is extremely good authority for the statement that 
if you take the seed of mixed varieties of wheat 
and sow it, collecting the seed next year and sow¬ 
ing it again, at length you will find that out of all 
your varieties only two or three have lived, or per¬ 
haps even only one. There were one or two 
varieties which were best fitted to get on, and they 
have killed out the other kinds in just the same 
way and with just the same certainty as if you had 
taken the trouble to remove them. As I have 
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already said, the operation of nature is exactly 
the same as the artificial operation of man. 

But if this he true of that simple case, which I 
put before you, where there is nothing but the 
rivalry of one member of a species with others, 
what must be the operation of selective conditions, 
when you recollect as a matter of fact, that for 
every species of animal or plant there are fifty or 
a hundred species which might all, more or less, be 
comprehended in the same climate, food, and sta¬ 
tion ;—^that every plant has multitudinous animals 
which prey upon it, and which are its direct oppo¬ 
nents ; and that these have other animals preying 
upon them,—that every plant has its indirect 
helpers in the birds that scatter abroad its seed, 
and the animals that manure it with their dung;— 
I say, when these things are considered, it seems 
impossible that any variation which may arise in 
a species in nature should not tend in some way 
or other either to be a little better or worse than 
the previous stock; if it is a little better it will 
have an advantage over and tend to extirpate the 
latter in this crush and struggle; and if it is a 
little worse it will itself be extirpated. 

I know nothing that more appropriately ex¬ 
presses this, than the phrase, '"the struggle for 
existence ; because it brings before your minds, 
in a vivid sort of way, some of the simplest pos¬ 
sible circumstances connected with it. When a 
struggle is intense there must be some who are 
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sure to be trodden down, crushed, and overpowered 
by others; and there will be some who just 
manage to get through only by the help of the 
slightest accident. I recollect reading an account 
of the famous retreat of the French troops, under 
Napoleon, from Moscow. Worn out, tired, and 
dejected, they at length came to a great river over 
which there was but one bridge for the passage of 
the vast army. Disorganised and demoralised as 
that army was, the struggle must certainly have 
been a terrible one—every one heeding only him¬ 
self, and crushing through the ranks and treading 
down his fellows. The writer of the narrative, 
who was himself one of those who were fortunate 
enough to succeed in getting over, and not among 
the thousands who were left behind or forced into 
the river, ascribed his escape to the fact that he 
saw striding onward through the mass a great 
strong fellow,—one of the French Cuirassiers, who 
had on a large blue cloak—and he had enough 
presence of mind to catch and retain a hold of this 
strong man'^ cloak. He says, “ I caught hold of 
his cloak, and although he swore at me and cut 
at and struck me by turns, and at last, when he 
found he could not shake me off, fell to entreating 
me to leave go or I should prevent him from 
escaping, besides not assisting myself, I still kept 
tight hold of him, and would not quit my grasp 
until he had at last dragged me through.'* Here 
you see was a case of selective saving—if we may 
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SO term it—depending for its success on the 
strength of the cloth of the Cuirassier’s cloak. It 
is the same in nature ; every species has its bridge of 
Beresina; it has to fight its way through and strug¬ 
gle with other species; and when well-nigh over¬ 
powered, it may be that the smallest chance, some¬ 
thing in its colour, perhaps—the minutest circum¬ 
stance—will turn the scale one way or the other. 

Suppose that by a variation of the black race it 
had produced the white man at any time—you 
know that the Negroes are said to believe this to 
have been the case, and to imagine that Cain 
was the first white man, and that we are his 
descendants—suppose that this had ever hap¬ 
pened, and that the first residence of this human 
being was on the West Coast of Africa. There is no 
groat structural difference between the white man 
and the Negro, and yet there is something so sin¬ 
gularly different in the constitution of the two, 
that the malarias of that country, which do not 
hurt the black at all, cut off and destroy the white. 
Then you see there would have been a selective 
operation performed ; if the white man had risen 
in that way, he would have been selected out and 
removed by means of the malaria. Now there 
really is a very curious case of selection of this 
sort among pigs, and it is a case of selection of 
colour too. In the woods of Florida there are a 
great many pigs, and it is a very curious thing that 
they are all black, every one of them. Professor 
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Wyman was there some years ago, and on noticing 
no pigs but these black ones, he asked some of the 
people how it was that they had no white pigs, 
and the reply was that in the woods of Florida 
there was a root which they called the Paint 
Eoot, and that if the white pigs were to eat any 
of it, it had the effect of making their hoofs crack, 
and they died, but if the black pigs ate any of it, 
it did not hurt them at all. Here was a very 
simple case of natural selection. A skilful breeder 
could not more carefully develop the black breed 
of pigs, and weed out all the white pigs, than the 
Paint Root does. 

To show you how remarkably indirect may be 
such natural selective agencies as I have referred 
to, I will conclude by noticing a case mentioned 
by Mr. Darwin, and which is certainly one of the 
most curious of its kind. It is that of the Humble 
Bee. It has been noticed that there are a great 
many more humble bees in the neighbourhood of 
towns, than out in the open country; and the ex¬ 
planation of the matter is this: the humble bees 
build nests, in which they store their honey and 
deposit the larvae and eggs. The field mice are 
amazingly fond of the honey and larvae; therefore, 
wherever there are plenty of field mice, as in the 
country, the humble bees are kept down ; but in 
the neighbourhood of towns, the number of cats 
which prowl about the fields eat up the field mice, 
and of course the more mice they eat up the less 
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there are to prey upon the larvae of the bees—the 
cats are therefore the INDIRECT helpers of the 
bees.^ Coming back a step farther we may say 
that the old maids are also indirect friends of the 
humble bees, and indirect enemies of the field 
mice, as they keep the cats which eat up the 
latter I This is an illustration somewhat beneath 
the dignity of the subject, perhaps, but it occurs 
to me in passing, and with it I will conclude this 
lecture. 

^ The hum tie bees, on the other hand, are direct helpers of 
some plants, such as the heartsease and red clover, which are 
fertilised by the visits of the bees ; and they are indirect helpers 
of the numerous insects which are more or less completely sup¬ 
ported by the heartsease and red clover. 



VI 


A OEITICAL EXAMINATION OF THE POSITION OF 
MR. DARWIN'S WORK, ON THE ORIGIN OF 
SPECIES,” IN RELATION TO THE COMPLETE 
THEORY OF THE CAUSES OF THE PHENOMENA 
OF ORGANIC NATURE. 

In the preceding five lectures I have endeav¬ 
oured to give you an account of those facts, and 
of those reasonings from facts, which form the 
data upon which all theories regarding the causes 
of the phenomena of organic nature must be 
based. And, although I have had frequent 
occasion to quote Mr. Darwin—as all persons here¬ 
after, in speaking upon these subjects, will have 
occasion to quote his famous book on the '' Origin 
of Species,”—^you must yet remember that, wher¬ 
ever I have quoted him, it has not been upon 
theoretical points, or for statements in any way 
connected with his particular speculations, but on 
matters of fact, brought forward by himself, or 
collected by himself, and which appear incidentally 
in his book. If a man vnll make a book, pro- 
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fcssing to discuss a single question, an encyclo¬ 
paedia, I cannot help it. 

Now, having had an opportunity of considering 
in this sort of way the different statements bear¬ 
ing upon all theories whatsoever, I have to lay 
before you, as fairly as I can, what is Mr. Darwin’s 
view of the matter and what position his theories 
hold, when judged by the principles which I have 
previously laid down, as deciding our judgments 
upon all theories and hypotheses. 

I have already stated to you that the inquiry 
respecting the causes of the phenomena of organic 
nature resolves itself into two problems—the first 
being the question of the origination of living or 
organic beings; and the second being the totally 
distinct problem of the modification and perpetua¬ 
tion of organic beings when they have already 
come into existence. The first question Mr. 
Darwin does not touch; he does not deal with it 
at all; but he says:—Given the origin of organic 
matter—supposing its creation to have already 
taken place, my object is to show in consequence 
of what laws and what demonstrable properties of 
organic matter, and of its environments, such 
states of organic nature as those with which we 
are acquainted must have come about.^' This, you 
will observe, is a perfectly legitimate proposition ; 
every person has a right to define the limits of 
the inquiry which he sets before himself; and yet 
it is a most singular thing that in all the multi- 
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farious, and, not xinfrequently, ignorant attacks 
which have been made upon the Origin of 
Species/' there is nothing which has been more 
speciously criticised than this particular limitation. 
If people have nothing else to urge against the 
book, they say—“ Well, after all, you see Mr. 
"Darwin's explanation of the ' Origin of Species' 
is not good for much, because, in the long run, he 
admits that he does not know how organic matter 
began to exist. But if you admit any special 
creation for the first particle of organic matter 
you may just as well admit it for all the rest; five 
hundred or five thousand distinct creations are 
just as intelligible, and just as little difficult to 
understand, as one." The answer to these cavils 
is two-fold. In the first place, all human inquiry 
must stop somewhere; all our knowledge and all 
our investigation cannot take us beyond the limits 
set by the finite and restricted character of our 
faculties, or destroy the endless unknown, which 
accompanies, like its shadow, the endless procession 
of phenomena. So far as I can venture to offer 
an opinion on such a matter, the purpose of our 
being in existence, the highest object that human 
beings can set before themselves, is not the pursuit 
of any such chimera as the annihilation of the 
unknown; but it is simply the unwearied endeav¬ 
our to remove its boundaries a little further from 
our little sphere of action. 

I wonder if any historian would for a moment 
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admit the objection, that it is preposterous to 
trouble ourselves about the history of the Koman 
Empire, because we do not know anything positive 
about the origin and first building of the city of 
Rome 1 Would it be a fair objection to urge, 
respecting the sublime discoveries of a Newton, or 
a Kepler, those great philosophers, whose dis¬ 
coveries have been of the profoundest benefit and 
service to all men—to say to them—After all 
that you have told us as to how the planets re¬ 
volve, and how they are maintained in their orbits, 
you cannot tell us what is the cause of the origin 
of the sun, moon, and stars. So what is the use 
of what you have done ? Yet these objections 
would not be one whit more preposterous than 
the objections which have been made to the 
''Origin of Species.'’ Mr. Darwin, then, had a 
perfect right to limit his inquiry as he pleased, 
and the only question for us—the inquiry being 
so limited—is to ascertain whether the method of 
his inquiry is sound or unsound ; whether ho has 
obeyed the canons which must guide and govcni 
all investigation, or whether ho has broken 
them; and it was because our inquiry this 
evening is essentially limited to that question, 
that I spent a good deal of time in a former 
lecture (which, perhaps some of you thought 
might have been better employed), in endeavour¬ 
ing to illustrate the method and nature of scien¬ 
tific inquiry in general Wo shall now have t.(> 
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put in practice the principles that I then laid 
down. 

I stated to you in substance, if not in words, that 
wherever there are complex masses of phenomena 
to be inquired into, whether they be phenomena 
of the affairs of daily life, or whether they belong 
to the more abstruse and difficult problems laid 
before the philosopher, our course of proceeding 
in unravelling that complex chain of phenomena 
with a view to get at its cause, is always the same ; 
in all cases we must invent an hypothesis; we 
must place before ourselves some more or less 
likely supposition respecting that cause; and then, 
having assumed an hypothesis, having supposed a 
cause for the phenomena in question, we must 
endeavour, on the one hand, to demonstrate our 
hypothesis, or, on the other, to upset and reject it 
altogether, by testing it in three ways. We must, 
in the first place, be prepared to prove that the 
supposed causes of the phenomena exist in nature ; 
that they are what the logicians call vera musm — 
true causes;—in the next place, we should be pre¬ 
pared to show that the assumed causes of the 
phenomena are competent to produce such pheno¬ 
mena as those which we wish to explain by them; 
and in the last place, we ought to be able to show 
that no other known causes are competent to pro¬ 
duce these phenomena. If we can succeed in satis¬ 
fying these three conditions we shall have demon¬ 
strated our hypothesis; or rather I ought to saj 
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we shall have proved it as far as certainty is pos¬ 
sible for ns; for, after all, there is no one of our 
surest convictions which may not be upset, or at 
any rate modified by a further accession of know¬ 
ledge. It was because it satisfied these condi¬ 
tions that we accepted the hypothesis as to the 
disappearance of the tea-pot and spoons in the 
case I supposed in a previous lecture; we found 
that our hypothesis on that subject was tenable 
and valid, because the supposed cause existed in 
nature, because it was competent to account for 
the phenomena, and because no other known cause 
was competent to account for them; and it is upon 
similar grounds that any hypothesis you choose to 
name is accepted in science as tenable and 
valid. 

What is Mr. Darwin’s hypothesis ? As I appre¬ 
hend it—^for I have put it into a shape more con¬ 
venient for common purposes than I could find 
in his book—as I apprehend it, I say, 
it is, that all the phenomena of organic nature, 
past and present, result from, or are caused by, 
the inter-action of those properties of organic 
matter, which we have called Atavism and Varia¬ 
bility, with the OoNBiTioNs OF Existence, or, 
in other words,—given the existence of organic 
matter, its tendency to transmit its properties, and 
its tendency occasionally to vary; and, lastly, given 
the conditions of existence by which organic mat¬ 
ter is surrounded—that these put together arc the 
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causes of the Present and of the Past conditions of 
Organic Nature. 

Such is the hypothesis as I understand it. Now 
lot us see how it will stand the various tests which 
I laid down just now. In the first place, do these 
supposed causes of the phenomena exist in nature ? 
Is it the fact that, in nature, these properties of 
organic matter—atavism and variability—and 
tliose pLenomena which we have called the con¬ 
ditions of existence,—is it true that they exist ? 
Well, of course, if they do not exist, all that I have 
told you in the last three or four lectures must be 
incorrect, because I have been attempting to prove 
that they do exist, and I take it that there is 
abundant evidence that they do exist; so far, 
tliorcforo, the hypothesis does not break down. 

But in the next place comes a much more diffi¬ 
cult in(piiry:—Arc the causes indicated compe- 
tcnit to give rise to the phenomena of organic 
nature ? I suspect that this is indubitable to a 
certain extent. It is demonstrable, I think, as I 
have endeavoured to show you, that they are per¬ 
fectly competent to give rise to all the plienomena 
which are exhibited by lUCESin nature. Further¬ 
more, I believe that they arc quite competent to 
account for all that wc may call purely structural 
phenomena which are exhibited by Species in 
nature. On that point also I have already en- 
h^,rged somewhat. Again, I think that the causes 
assumed arc competent to account for most of the 
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physiological characteristics of species, and I not 
only think that they are competent to account for 
them, hut I think that they account for many 
things which otherwise remain wholly unaccount¬ 
able and inexplicable, and I may say incompre¬ 
hensible. For a full exposition of the grounds on 
which this conviction is based, I must refer you to 
Mr. Darwin's work; all that I can do now is to 
illustrate what I have said by two or three cases 
taken almost at random. 

I drew your attention, on a previous evening, to 
the facts which are embodied in our systems of 
Classification, which are the results of the examin¬ 
ation and comparison of the different members 
of the animal kingdom one with another. I men¬ 
tioned that the whole of the animal kingdom is 
divisible into five sub-kingdoms; that each of these 
sub-kingdoms is again divisible into provinces; 
that each province may be divided into classes, 
and the classes into the successively smaller groups, 
orders, families, genera, and species. 

Now, in each of these groups the resemblance 
in structure among the members of the group is 
closer in proportion as the group is smaller. Thus, 
a man and a worm are members of the animal 
kingdom in virtue of certain apparently slight 
though really fundamental resemblances which 
they present. But a man and a fish are members of 
the same sub-kingdom because they arc 

much more like one auothor than either of them 
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is to a worm, or a snail, or any member of the other 
sub-kingdoms. Fox similar reasons men and horses 
are arranged as members of the same Class, Mam¬ 
malia; men and apes as members of the same 
Primates; and if there were any animals 
more like men than they were like any of the 
apes, and yet different from men in important and 
constant particulars of their organisation, we should 
rank them as members of the same Family, or of 
the same Genus, but as of distinct Species. 

That it is possible to arrange all the varied 
forms of animals into groups, having this sort of 
singular subordination one to the other, is a very 
remarkable circumstance; but, as Mr. Darwin re¬ 
marks, this is a result which is quite to be ex¬ 
pected, if the principles which he lays down be 
correct. Take the case of the races which are 
known to be produced by the operation of atavism 
and variability, and the conditions of existence 
which check and modify these tendencies. Take 
the case of the pigeons that I brought before you : 
there it was shown that they might be all classed 
as belonging to some one of five principal divi¬ 
sions, and that within these divisions other sub¬ 
ordinate groups might be formed. The members 
of these groups are related to one another in just 
the same way as the genera of a family, and the 
groups themselves as the families of an order, or 
the orders of a class ; while all have the same sort 
of structural relations with the wild rock-pigeon, 
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as the members of any great natural group have 
with a real or imaginary typical form. Now, we 
know that all varieties of pigeons of every kind 
have arisen by a process of selective breeding from 
a common stock, the rock-pigeon; hence, you see, 
that if all species of animals have proceeded from 
some common stock, the general character of their 
structural relations, and of our systems of classifi¬ 
cation, which express those relations, would be just 
what we find them to be. In other words, the 
hypothetical cause is, so far, competent to produce 
effects similar to those of the real cause. 

Take, again, another set of very remarkable 
facts,—the existence of what are called rudi¬ 
mentary organs, organs for which we can find 
no obvious use, in the particular animal econ¬ 
omy in which they are found, and yet which are 
there. 

Such are the splint-like bones in the leg of the 
horse, which I here show you, and which corre¬ 
spond with bones which belong to certain toes and 
fingers in the human hand and foot. In the horse 
you see they are quite rudimentary, and bear 
neither toes nor fingers; so that the horse has 
only one “ finger ” in his fore-foot and one '' toe 
in his hind-foot. But it is a very curious thing 
that the animals closely allied to the horse show 
more toes than he; as the rhinoceros, for instance: 
he has these extra toes well formed, and anatomi¬ 
cal facts show very clearly that he is very closely 
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related to the horse indeed. So we may say that 
animals, in an anatomical sense nearly related to 
the horse, have those parts which are rudimentary 
in him fully developed. 

Again, the sheep and the cow have no cutting- 
teeth, hut only a hard pad in the upper jaw. That 
is the common characteristic of ruminants in 
general. But the calf has in its upper jaw some 
rudiments of teeth which never are developed, and 
never play the part of teeth at all. Well, if 
you go back in time, you find some of the older, 
now extinct, allies of the ruminants have well- 
developed teeth in their upper jaws; and at the 
present day the pig (which is in structure closely 
connected with ruminants) has well-developed 
teeth in its upper jaw; so that here is another 
instance of organs well-developed and very useful, 
in one animal, represented by rudimentary organs, 
for which we can discover no purpose whatsoever 
in another closely allied animal. The whalebone 
whale, again, has homy “ whalebone ” plates in its 
mouth, and no teeth; but the young foetal whale 
before it is bom has teeth in its jaws; they, how¬ 
ever, are never used, and they never come to any¬ 
thing. But other members of the group to which 
the whale belongs have well-developed teeth in 
both jaws. 

Upon any hypothesis of special creation, facts of 
this kind appear to me to be entirely unaccount¬ 
able and inexplicable, but they cease to be so if 



458 


THE CAUSES OF THE 


XI 

you accept Mr. Darwin’s hypothesis, and see reason 
for believing that the whalebone whale and the 
whale with teeth in its mouth both sprang from a 
whale that had teeth, and that the teeth of the 
foetal whale are merely remnants—recollections, 
if we may so say—of the extinct whale. So in 
the case of the horse and the rhinoceros : suppose 
that both have descended by modification from 
some earlier form which had the normal number 
of toes, and the persistence of the rudimentary 
bones which no longer support toes in the horse 
becomes comprehensible. 

In the language that we speak in England, and 
in the language of the Greeks, there are identical 
verbal roots, or elements entering into the com¬ 
position of words. That fact remains unintellig¬ 
ible so long as we suppose English and Greek to 
be independently created tongues; but when it is 
shown that both languages are descended from 
one original, we give an explanation of that 
resemblance. In the same way the existence 
of identical structural roots, if I may so term 
them, entering into the composition of widely 
different animals, is striking evidence in favour of 
the descent of those animals from a common 
original. 

To turn to another kind of illustration :—^If you 
regard the whole series of stratified rocks—that 
enormous thickness of sixty or seventy thousand 
feet that I have mentioned before, constituting the 
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only record we have of a most prodigious lapse of 
time, that time being, in all probability, but a 
fraction of that of which we have no record j—if 
you observe in these successive strata of rocks 
successive groups of animals arising and dying 
out, a constant succession, giving you the same 
kind of impression, as you travel from one group 
of strata to another, as you would have in travel¬ 
ling from one country to another;—when you 
find this constant succession of forms, their 
traces obliterated except to the man of science 
—when you look at this wonderful history, and 
ask what it means, it is only a paltering with 
words if you are offered the reply—“ They were 
so created.’* 

But if, on the other hand, you look on all 
forms of organised beings as the results of the 
gradual modification of a primitive type, the facts 
receive a meaning, and you see that these older 
conditions are the necessary predecessors of the 
present. Viewed in this light the facts of palss- 
ontology receive a meaning—^upon any other 
hypothesis I am unable to see, in the slightest 
degree, what knowledge or signification we are 
to draw out of them. Again, note as bearing 
upon the same point, the singular likeness which 
obtains between the successive Faunse and Flor^, 
whose remains are preserved on the rocks: you 
never find any great and enormous difference 
between the immediately successive Faunse and 
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Florae, unless you have reason to believe there 
has also been a great lapse of time or a great 
change of conditions. The animals, for instance, 
of the newest tertiary rocks, in any part of the 
world, are always, and without exception, found 
to be closely allied with those which now live in 
that part of the world. For example, in Europe, 
Asia, and Africa, the large mammals are at pres¬ 
ent rhinoceroses, hippopotamuses, elephants, lions, 
tigers, oxen, horses, &c.; and if you examine the 
newest tertiary deposits, which contain the 
animals and plants which immediately preceded 
those which now exist in the same country, you 
do not find gigantic specimens of ant-eaters and 
kangaroos, but you find rhinoceroses, elephants, 
lions, tigers, &c.,—of different species to those now 
living—but still their close allies. If you turn to 
South America, where, at the present day, we have 
great sloths and armadilloes and creatures of that 
kind, what do you find in the newest tertiaries ? 
You find the great sloth-like creature, the Mega- 
thermm, and the great armadillo, the Glypiodon, 
and so on. And if you go to Australia you find 
the same law holds good, namely, that that con¬ 
dition of organic nature which has preceded the 
one which now exists, presents differences perhaps 
of species, and of genera, but that the great types 
of organic structure are the same as those which 
now flourish. 

What meaning has this fact upon any other 
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hypothesis or supposition than one of successive 
modification ? But if the population of the 
world, in any age, is the result of the gradual 
modification of the forms which peopled it in the 
preceding age—if that has been the case, it is in¬ 
telligible enough; because we may expect that 
the creature that results from the modification of 
an elephantine mammal shall be something like 
an elephant, and the creature which is produced 
by the modification of an armadillo-like mammal 
shall be like an armadillo. Upon that supposition, 

I say, the facts are intelligible ; upon any other, 
that I am aware of, they are not. 

So far, the facts of palaeontology are consistent 
with almost any form of the doctrine of progressive 
modification; they would not be absolutely incon¬ 
sistent with the wild speculations of De Maillet, 
or with the less objectionable hypothesis of La¬ 
marck. But Mr. Darwin's views have one peculiar 
merit; and that is, that they are perfectly con¬ 
sistent with an array of facts which are utterly in¬ 
consistent with, and fatal to, any other hypothesis 
of progressive modification which has yet been 
advanced. It is one remarkable peculiarity of 
Mr, Darwin's hypothesis that it involves no neces¬ 
sary progression or incessant modification, and 
that it is perfectly consistent with the persistence 
for any length of time of a given primitive stock, 
contemporaneously with its modifications. To 
return to the case of the domestic breeds of 
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pigeons, for example; you have the dove-cot 
pigeon, which closely resembles the rock pigeon, 
from which they all started, existing at the same 
time with the others. And if species are developed 
in the same way in nature, a primitive stock and 
its modifications may, occasionally, all find the 
conditions fitted for their existence; and though 
they come into competition, to a certain extent, 
with one another, the derivative species may not 
necessarily extirpate the primitive one, or mce 
versd. 

Now palaeontology shows us many facts which 
are perfectly harmonious with these observed 
effects of the process by which Mr. Darwin sup¬ 
poses species to have originated, but which appear 
to me to be totally inconsistent with any other 
hypothesis which has been proposed. There are 
some groups of animals and plants, in the fossil 
world, which have been said to belong to "" persist¬ 
ent types,’’ because they have persisted, with 
very little change indeed, through a very great 
range of time, while everything about them has 
changed largely. There are families of fishes 
whose type of construction has persisted all the 
way from the carboniferous strata right up to the 
cretaceous; and others which have lasted through 
almost the whole range of the secondary rocks, 
and from the lias to the older tertiaries. It is 
something stupendous this—^to consider a genus 
lasting without essential modifications through all 
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this enormous lapse of time while almost every¬ 
thing else was changed and modified. 

Thus I have no doubt that Mr. Darwin’s hypo- 
tliesis will be found competent to explain the ma¬ 
jority of tho phenomena exhibited by species in 
nature; but in an earlier lecture I spoke cautiously 
with respect to its power of explaining all the 
physiological peculiarities of species. 

There is, in fact, one set of these peculiarities 
which the theory of selective modification, as it 
stands at present, is not wholly competent to 
explain, and that is the group of phenomena which 
I mentioned to you under the name of Hybridism, 
and which I explained to consist in the sterility of 
the offspring of certain species when crossed one 
with another. It matters not one whit whether 
this sterility is universal, or whether it exists only 
in a single case. Every hypothesis is bound to 
explain, or, at any rate, not be inconsistent with, 
the whole of the facts which it professes to account 
for; and if there is a single one of these facts 
which can be shown to be inconsistent with (I do 
not merely mean inexplicable by, but contrary to) 
the hypothesis, the hypothesis falls to the ground, 
—it is worth nothing. One fact with which it is 
positively inconsistent is worth as much, and as 
powerful in negativing the hypothesis, as five 
hundred. If I am right in thus defining the obli¬ 
gations of an hypothesis, Mr. Darwin, in order to 
place his views beyond the reach of all possible 



464 


THE CA0SES OF THE 


XI 


assault, ought to be able to demonstrate the possi¬ 
bility of developing from a particular stock by se¬ 
lective breeding, two forms, which should either 
be unable to cross one with another, or whose 
cross-bred offspring should be infertile with one 
another. 

For, you see, if you have not done that you have 
not strictly fulfilled all the conditions of the prob¬ 
lem ; you have not shown that you can produce, 
by the cause assumed, all the phenomena which 
you have in nature. Here are the phenomena of 
Hybridism staring you in the face, and you cannot 
say, I can, by selective modification, produce 
these same results.” Now, it is admitted on all 
hands that, at present, so far as experiments have 
gone, it has not been found possible to produce 
this complete physiological divergence by selective 
breeding, I stated this very clearly before, and I 
now refer to the point, because, if it could be 
proved, not only that this has not been done, but 
that it cannot be done; if it could be demonstrated 
that it is impossible to breed selectively, from any 
stock, a form which shall not breed with another, 
produced from the same stock; and if we were 
shown that this must be the necessary and inevit¬ 
able results of all experiments, I hold that Mr, 
Darwin's hypothesis would be utterly shattered. 

But has this been done ? or what is really the 
state of the case ? It is simply that, so far as we 
have gone yet with our breeding, we have not pro- 
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dmced from a common stock two breeds whicli are 
not more or less fertile with one another. 

I do not know that there is a single fact which 
would justify any one in saying that any degree of 
sterility has been observed between breeds abso¬ 
lutely known to have been produced by selective 
breeding from a common stock. On the other 
hand, I do not know that there is a single fact 
which can justify any one in asserting that such 
sterility cannot be produced by proper experiment¬ 
ation. For my own part, I see eveiy reason to 
believe that it may, and will be so produced. For, 
as Mr. Darwin has very properly urged, when we 
consider the phenomena of sterility, we find they 
are most capricious; we do not know what it is 
that the sterility depends on. There are some 
animals which will not breed in captivity; whether 
it arises from the simple fact of their being shut 
up and deprived of their liberty, or not, we do not 
know, but they certainly will not breed. What an 
astounding thing this is, to find one of the most 
important of all functions annihilated by mere 
imprisonment! 

So, again, there are cases known of animals 
which have been thought by naturalists to be un¬ 
doubted species, which have yielded perfectly fer¬ 
tile hybrids; while there are other species which 
present what everybody believes to be varieties^ 

^ And as I conceive witli very good reason; but if any objec¬ 
tor urges that we cannot prove that they have been produced by 
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which are more or less infertile with one another. 
There are other cases which are truly extraordi¬ 
nary; there is one, for example, which has been 
carefully examined,—of two kinds of sea-weed, of 
which the male element of the one, which we may 
call A, fertilises the female element of the other, 
B ; while the ma^e element of B will not fertilise 
the female element of A; so that, while the for¬ 
mer experiment seems to show us that they are 
mrieties, the latter leads to the conviction that 
they are species. 

When we see how capricious and uncertain this 
sterility is, how unknown the conditions on which 
it depends, I say that we have no right to affirm 
that those conditions will not be better understood 
by and by, and we have no ground for supposing 
that we may not be able to experiment so as to 
obtain that crucial result which I mentioned just 
now. So that though Mr. Darwin's hypothesis 
does not completely extricate us from this difficulty 
at present, we have not the least right to say it 
will not do so. 

There is a wide gulf between the thing you can¬ 
not explain and the thing that upsets you alto¬ 
gether. There is hardly any hypothesis in this 
world which has not some fact in connection with 
it which has not been explained, but that is a very 
different affair to a fact that entirely opposes your 

artificial or natural selection, the objection must bo admitted— 
ultra-sceptical as it is. But in science, scepticism is a duty. 
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fiypotliesis; in this case all you can say is, 
thBt your hypothesis is in the same position as a 
good many others. 

Now, as to the third test, that there are no 
other causes competent to explain the phenomena, 

I explained to you that one should he able to say 
of an hypothesis, that no other known causes than 
those supposed by it are competent to give rise to 
the phenomena. Here, I think, Mr. Darwin’s 
view is pretty strong. I really believe that the 
alternative is either Darwinism or nothing, for I 
do not know of any rational conception or theory 
of the organic universe which has any scientific 
position at all beside Mr, Darwin’s. I do not 
know of any proposition that has been put before 
us with the intention of explaining the phenomena 
of organic nature, which has in its favour a 
thousandth part of the evidence which may be ad¬ 
duced in favour of Mr. Darwin’s views. Whatever 
may be the objections to his views, certainly all 
other theories are absolutely out of court. 

Take the Lamarckian hypothesis, for example. 
Lamarck was a great naturalist, and to a certain 
extent went the right way to work; he argued 
from what was undoubtedly a true cause of some 
of the phenomena of organic nature. He said it 
is a matter of expei'ience that an animal may be 
modified more or less in consequence of its desires 
and consequent actions. Thus, if a man exercise 
himself as a blacksmith, his arms will become 

H H 2 
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strong and mnsciilar; such organic modification's 
a result of this particular action and exercise. 
Lamarck thouglit that by a very simple supposi¬ 
tion based on this truth he could explain the origin 
of the various animal species: he said, for ex¬ 
ample, that the short-legged birds which live on 
fish had been converted into the long-legged 
waders by desiring to get the fish without wetting 
their feathers, and so stretching their legs more 
and more through successive generations. If 
Lamarck could have shown experimentally that 
even races of animals could be produced in this 
way, there might have been some ground for his 
speculations. But he could show nothing of the 
kind, and his hypothesis has pretty well dropped 
into oblivion, as it deserved to do. I said in an 
earlier lecture that there are hypotheses and hy¬ 
potheses, and when people tell you that Mr. Dar- 
win^s strongly-based hypothesis is nothing but a 
mere modification of Lamarck’s, you will know 
what to think of their capacity for forming a 
judgment on this subject. 

But you must recollect that when I say I think 
it is either Mr. Darwin’s hypothesis or nothing; 
that either we must take his view, or look upon 
the whole of organic nature as an enigma, the 
meaning of which is wholly hidden from us ; you 
must understand that I mean that I accept it 
provisionally, in exactly the same way as 1 accept 
any other hypothesis. Men of science do not 
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I^edge themselves to creeds; they are bound by 
articles of no sort; there is not a single belief that 
it is not a bounden duty with them to hold with 
a light hand and to part with cheerfully, the 
moment it is really proved to be contrary to any 
fact, great or small. And if, in course of time I 
see good reasons for such a proceeding, I shall have 
no hesitation in coming before you, and pointing 
out any change in my opinion without finding the 
slightest occasion to blush for so doing. So I say 
that we accept this view as we accept any other, 
so long as it will help us, and we feel bound tc 
retain it only so long as it will serve our grea^ 
purpose—^the improvement of Man's estate and 
the widening of his knowledge. The momen+ 
this, or any other conception, ceases to be useful 
for these purposes, away with it to the four winds; 
we care not what becomes of it! 

But to say truth, although it has been my busi¬ 
ness to attend closely to the controversies roused 
by the publication of Mr. Darwin's book, I think 
that not one of the enormous mass of objections 
and obstacles which have been raised is of any 
very great value, except that sterility case which 
I brought before you just now. All the rest are 
misunderstandings of some sort, arising either 
from prejudice, or want of knowledge, or stiii 
more from want of patience and care in reading 
the work. 

For you must recollect that it is not a book to 
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be read with as much ease as its pleasant styl<i 
may lead you to imagine. You spin through it 
as if it were a novel the first time you read it, and 
think you know all about it; the second time you 
read it you think you know rather less about it; 
and the third time, you are amazed to find how 
little you have really apprehended its vast scope 
and objects, I can positively say that I never 
take it up without finding in it some new view, or 
light, or suggestion that I have not noticed before. 
That is the best characteristic of a thorough and 
profound book; and I believe this feature of the 
“ Origin of Species ’’ explains why so many per¬ 
sons have ventured to pass judgment and criti¬ 
cisms upon it which are by no means worth the 
paper they are written on. 

Before concluding these lectures there is one 
point to which I must advert—^though, as Mr. 
Darwin has said nothing about man in his book, 
it concerns myself rather than him ;—for I have 
strongly maintained on sundry occasions that if 
Mr. Darwin's views are sound, they apply as much 
to man as to the lower mammals, seeing that it is 
perfectly demonstrable that the structural differ¬ 
ences which separate man from the apes are not 
greater than those which separate some apes 
from others. There cannot be the slightest doubt 
in the world that the argument which applies to 
the improvement of the horse from an earlier 
stock, or of ape from ape, applies to the improve- 
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rr^nt of man from some simpler and lower stock 
than man. There is not a single faculty—afunc¬ 
tional or structural, moral, intellectual, or instinc¬ 
tive, there—is no faculty whatever that is not 
capable of improvement; there is no faculty what¬ 
soever which does not depend upon structure, and 
as structure tends to vary, it is capable of being 
improved. 

Well, I have taken a good deal of pains at 
various times to prove this, and I have endeav¬ 
oured to meet the objections of those who main¬ 
tain, that the structural differences between man 
and the lower animals are of so vast a character 
and enormous extent, that even if Mr, Darwin's 
views are correct, you cannot imagine this par¬ 
ticular modification to take place. It is, in fact, 
an easy matter to prove that, so far as structure is 
concerned, man differs to no greater extent from 
the animals which are immediately below him 
than these do from other members of the same 
order. Upon the other hand, there is no one who 
estimates more highly than I do the dignity of 
human nature, and the width of the gulf in in¬ 
tellectual and moral matters which lies between 
man and the whole of the lower creation. 

But I find this very argument brought forward 
vehemently by some, You say that man has 
proceeded from a modification of some lower 
animal, and you take pains to prove that the 
structural differences which are said to exist in his 
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brain do not exist at all, and you teach that aJil 
functions, intellectual, moral, and others, are the 
expression or the I'esult, in the long run, of struc¬ 
tures, and of the molecular forces which they 
exert.” It is quite true that I do so. 

“Well, hut,'' I am told at once, somewhat 
triumphantly, “ you say in the same breath that 
there is a great moral and intellectual chasm 
between man and the lower animals. How is 
this possible when you declare that moral and in¬ 
tellectual characteristics depend on structure, and 
yet tell us that there is no such gulf between the 
structure of man and that of the lower animals ? ” 

I think that objection is based upon a miscon¬ 
ception of the real relations which exist between 
structure and function, between mechanism and 
work. Function is the expression of molecular 
forces and arrangements no doubt; but, does it 
follow from this, that variation in function so 
depends upon variation in structure that the former 
is always exactly proportioned to the latter ? If 
there is no such relation, if the variation in func¬ 
tion which follows on a variation in structure may 
be enormously greater than the variation of the 
structure, then, you see, the objection falls to the 
ground. 

Take a couple of watches—made by the same 
maker, and as completely alike as possible; set 
them upon the table, and the function of each— 
which is its rate of going—^will be performed in 
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tile same manner, and you shall be able to dis¬ 
tinguish no difference between thorn; but let me 
take a pair of pincers, and if my hand is steady 
enougli to do it, let me just lightly crush together 
the bearings of the balance-wheel, or force to a 
slightly different angle the teeth of the escape¬ 
ment of one of them, and of course you know the 
immediate result will be that the watch, so treated, 
from that moment will cease to go. But what 
proportion is there between the structui'al altera¬ 
tion and the functional result ? Is it not perfectly 
obvious that the alteration is of the minutest kind, 
yet that, slight as it is, it has produced an infinite 
difference in the performance of the functions of 
these two instruments ? 

Well, now, apply that to the present question. 
What is it that constitutes and makes man what 
he is ? What is it but his power of language— 
that language giving him the means of recording 
his experience—making every generation some¬ 
what wiser than its predecessor—^more in accord¬ 
ance with the established order of the universe ? 

What is it but this power of speech, of record¬ 
ing experience, wluch enables men to be men— 
looking before and after and, in some dim sense, 
understanding the working of this wondrous uni¬ 
verse—and which distinguishes man from the 
whole of the brute world ? I say that this func¬ 
tional difference is vast, unfathomable, and truly 
infinite in its consequences; and I say at the same 
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time, that it may depend upon structural diffid¬ 
ences which shall he absolutely inappreciable to 
us with our present means of investigation. What 
is this very speech that we are talking about ? I 
am speaking to you at this moment, but if you 
were to alter, in the minutest degree, the propor¬ 
tion of the nervous forces now active in the two 
nerves which supply the muscles of my glottis, I 
should become suddenly dumb. The voice is pro¬ 
duced only so long as the vocal chords are parallel; 
and these are parallel only so long as certain 
muscles contract with exact equality ; and that 
again depends on the equality of action of 
those two nerves I spoke of. So that a change of 
the minutest kind in the structure of one of these 
nerves, or in the structure of the part in which it 
originates, or of the supply of blood to that part, 
or of one of the muscles to which it is distributed, 
might render all of us dumb. But a race of dumb 
men, deprived of all communication with those 
who could speak, would be little indeed removed 
from the brutes. And the moral and intellectual 
difference between them and ourselves would be 
practically infinite, though the naturalist should 
not be able to find a single shadow of even specific 
structural difference. 

But let me dismiss this question now, and, in 
conclusion, let me say that you may go away with 
it as my mature conviction, that Mr. Darwin’s 
work is the greatest contribution which has been 
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faade to biological science since the publication of 
the R^gne Animal ” of Cuvier, and since that 
of the “ History of Development,” of Von Baer. 
I believe' that if you strip it of its theoretical part 
it still remains one of the greatest encyclopsedias 
of biological doctrine that any one man ever 
brought forth; and I believe that, if you take it 
as the embodiment of an hypothesis, it is destined 
to be the guide of biological and psychological 
speculation for the next three or four genera¬ 
tions. 
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